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Orthopaedic Operating Systems^ Methods, Implants and lostraments 

The present invCTtiaa relates generally to systems and methods &r use in carrying out 
surgical procedures, and in pacticolar to an integrated orthopaedic surgqiy syst^ and 
5 methods of use thereof; and implants, instruments, computer program code and conqiuter 
programs £>r nsc therein. 

Computer aided surgery typically provides for the display of images of body parts and the 
positions of navigated tools so ttiat the surgeon can use the images to guide them wiule 
10 carrying out the surgical procedure^ However, it is ^icaUy required to register the image 
of the patients body part with the actual position of the body part. 

Markers detectable by a tracking system can be attached to abody part so fiiat the position 
of the body part can be Hacked, e.g:, during a surgical procedure. Su£h markers are 

15 s€>mi^irne tefco'ed to as fiducial rnarkere A variety of marker types can be used 
dependiiqg on the nature of the tracking system and how signals are giesnemted by the 
marker and communicated to the tracking system. However, markers are typically 
provided on some kind of si^ort structure by which the mafker is mounted on the body 
part, such as on the skin, or andiored to bone or another subcutaneous body part or 

20 anatomic^ structure* 

For e&axnple a surgical sensor is described in U.S. patcait nmnbsr 6,499,488 (Hunter et aiy 
in wMch a s^isor» which sends signals to a surgical guidance system, is provided in a 
housing mounted on a surgical screw, or in a hoUow part of the screw in lieu of the 
25 hoxuHng. Ite surgical screw can be screwed into a bony anatomical structure* Hence, the 
sensor is attached to a bony anatomical structure by the screw. However, ttie sensor is 
stfl] supported by the screw and the sensor is not itself located in flie bony stmctute. 
Further, an incision is still required in order to attach the sensor to the body part 

30 As indicated above, various methods and systems can be used to track the position of a 
medical probe or implant inside the body of a subject 
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For example, U.S. Patents 5^91,199 and 5,443,489 to Ben-Hahn, whose disclosures are 
inccnpofEated herein by nefeDence, descdbe systems wherein the coonJinates of an 
mtrabo4}r probe are detemuned usiqg one or more field sensors, such as a Hall effect 
device, coils, or other anteamae carried on the probe. Such systems are used for 
generating dxtee^lmieosional lotion nifonnation regarding a medical probe or catheter. 



10 



15 



PCT Patent Publication WO 96/05768, and the conesaHjaiding U,S. Patent Application 
09/414,875, to Bett-Hami et al. (also published as U.S. Patent Application Publication US 
2002/0065455 Al, whose disclosures are incorporated herein byief£eienoe, describe a 
system that gesieaates six-dunensional posidon and orientation information legardpg tiie 
tip of a catheter. This syst^ uses a pltuality of sensor coils adjacent to a locatable stfe in 
the cathetet,.l«r example near its distal end, and a phnality of ladiator coils fixed m an 
external refeence fiame. These coils generate signals m regptMse to m^ctic iMds, 
generated by die ladiator coils, which signals allow for the computation of six locatiaa 
and orientatioD coordinates. 



US. Patient 6;239,724 to Donm et al., whose disdosuie is mcorporated hcssin by 
reference, describes a telemehy system for prodding spatial positioning inforaaation from 
withm a patient's body. The system includes an implantdile telemetry unit having (a) a 
20 first transducer, for converting a power signal received fiiom outside the body into 

electrical power fer powerhig die telemetiy unit; (b) a second transducer, for receiving a 
positi<nui« ffeld sign^ that is received firom outside the body, and (c) a third transducer, 
for transmitring a locating signal to a site outside the body, in response to the positianing 
field signal. 

25 

U.S. Patent Application 10«)29,473 to Govari, pubh'shed as U.S. Patent Application 
Publicttion 2003/0120150, describes apparatus for tracking an object The apparatus 
Includes a plurality of field generators, which generate electromagnetic fields at difFeren^ 
respective firequencies m a vicinity of the object, and a radio frequency (RP) driver, which 
30 radiates a RF driving field toward the object A wireless Hanspcmder is fixed to die 
objecL The transponder mcludes at least one sensor cofl, in which a signal current flows 
responsive to the electromagnetic fields, and apow«: coil, which receives die RF driving 
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field and conveys electiical &i&gy from the drivmg field to powar the transponder. 
power coil also transmits an ou^ut signal responsive to the sigaal cnarrent to a signal 
receiver^ which processes flie signal to detmnine coordmatBs of the object 



5 R^stration procedures typically require images of the patient to have been acquked 
previously and so multiple medical proceduze at moltiple sites are required in order to 
allow ttie surgical iirocedure to be carried out. 

Also, different practitioners may be involved in capturing the images and/or carrying out 
10 the surgical procedure. Therefore, some of the images that the surgeon would want may 
not actually have been c^tured and tfasefore would not be available to &e surgeon. Also 
ftie ima^ may be capture some time before the surgery and so may not accurately reflect 
flie current status of the patient. 



15 FuElfaer, the surgical practitioner may have Ktfle or no cantrol over die information that 
can be used during tiic surgical procedure and that hifticmatian altfaou^ existing may not 
be instantly available t» the surgeon in the firan most usefid at any time during the 
surgical procedure. 

20 Therefore, the present invention addresses deficiCTcies in surgical systems and method fo 
allowing computer aided surgery to be carried out. 

According to a first aspect of the invention^ there is provided an integrated surgical 
system. The mtegrated sm^cal system can be used in an orthopaedic operating room to 
25 enable a surgeon to cany out a computer aided surgical procedure on a subject or patient 



The integrated surgical system cau include a subject support and/or a wireless magnetic 
tiacldiig system and/or a rqgistration system configqred to register the position of the body 
part of the subject with an image of the bocfy part of the subject and/or a display device 
30 and/or a contml system which integrates the fimctionalides of parts of the surgical system 
and/or a surgeon inlec&ce operable by the surgeon to control operation of the integrated 
surgjical system. 
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The teacfcing system can generating a magnetic field defining a waricing volume of tbe 
tracking system. Tlie subject support can be located at least partially within the vro^ 
volume. The traddng system can include a tiackiiig conirol system configured to track 
the position of a madcea- detectable by the tracking system within flw woridng vohime and 

5 generate a signal indicative of the position offtemaikerwiaiin a referee 
tracking Systran. 



The displtqr device can be configured to display a legistered image of the botfypart, 
boo©, of die subject and/or an image t^neseatative of a trackable implant during 
10 computer aided surgical procedure. 



_ or 



The system can conqmse a fuiflier wireless tracking system. Ibe fcrlher wireless tracking 
system can be an infirated wireless liaefcbg system. The lurflrer tracking systan can be in 
communication witb the control system and can be configured to generate a signal 
15 indicative of the position of a Hacked element in tbe reference fiame of the fijrtbar 
wireless trackiDg Systran. 



lliediiq»lay device can be a part ofattaddng system oantiols3«rtem. Tbe display device 
can be a touch sensitive display. The display device can be a part of the surgeon interfece. 
20 A phmdi^ of suCb display devices can be provided. A separate display device can be 
provided for each Hacking system. MeraUy a single display device is provided as a part 
of the control Systran for a plurality of traddng systems. 



The surgeon interfece can inchide an orientation sensitive device operable by a su^eon to 

25 ortcr control commands. The orientation sensitive device can be a wireless device. Ibe 
device can be a gyxomouse. 

The surgeon interfece can inchide a heads up display. The heads up display can be 
weaiHble by the surgeon. The heads up display can be configured to di^lay at least a one 
30 of the images selected fiom the group comprising: a captured image of the body par^ an 
hnage of a model of die bo^pai^ a registered ima^ of the body par^ a video hnage of 
the body pai^ a r^esentatios of an implant a representation of an instrument; an 
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indication of the planned position of an implant, instiDment or tncisiaI^ and any 
csoniHnation or overlay of the preceding. 



The system can farther comprise a wall display unit The wall display unit can he 
coDfiguicd to provide a pbitaUty of image legioos and/or a single image region. The or 
each image region can be capable of displaying a differeait image and/or the image can be 
a comhinatian of images- 



10 The dififetBOt images can be selected fiwm the gioi^ comprising: a captui^ 

body part; an image of amodel of the body part aiegisteied image of the body part; a 
video image of the body part; a xepiesaitaticHi of an implant; a xqpxesentatiaii of an 
instrument an indication of tbe planned position erf an inqdant; instrument or incaaon; 
and any combination or overlay of fte psceding. 

15 

The system can further camprises a Burgical ate display devi^ The surgical site display 
device can be movable. Ihe suigical site display device can inchide an in^ display 
portion and a support. The image display portion can be positionable over the smgical 
site of die patient in use. The surgical site display device can include an image capturing 

20 device having a field of view faichiding the surgical site. The device can gpuHating a 
surgical site image and dis suigical site image can be displayed in the image display 
portion in lustration with the suigical site. The image c^turing device can be a video 
camera. The suigical site im^e can be» or inchide, a real time video, or still, image of the 
surgical site. A fiirfher Imags can be ovedaycd on the suigical site image. TbefiirlhBr 

25 image and the suigical site image can be displayed in the image display portion at the 
same time. The finther image can be in registration with the surgical site. Thefuitho: 
image can be selected fixmi die group con^sing: a cj^itured image of the body part; an 
image of a model of the bo<ty part; a registered image of the body part; a video image of 
the body part; a rqneseiUatiQn of an implant; a r^presentadoo of an insttumoit; an 

30 indication of due planned position of an hnplaat, instrument or incision; and any 
comlnnation of die preceding. 
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ITie system can Sixihcr comprise an image capturing device which captures real time 
video, or Stat images. The i»al time video, or still, images caa be displ^^ 

on at least one display device of (he system. Preferably Idie images aie displayed in real 
time in a one of the image regions of an image waU. 

The system can further compcise a surgkal li^ The suigica] li^ can besuq>aided and 
be movable to diflSarent positions and oiientations with respect to th© operating table. An 
image c^tiiring d^c© can be provided as apart of A© snigical li^ 



10 A one or a pIuraliQ? of the parts of the system can be suspended. Ibis reduces the amount 
of floor space taken up by pans of the system, diereby providing easier and fiecr access to 
the patioit by die snrgeoD and other suzgical stafiE: 



The system can fijither comprising an image storage device storing a plurality of captured 
1 5 images of the body part of the subject Th© images of the body part can be selected ftom 
die group con^xri^ng: X-iay images; CT scan images; and X-iay flnoio images. The 
storage device can be remote or local. A remote storage device can be in commraricatian 
-with fhe system over a netwcnk. 



20 The sryst^ can inclnde a model body part storage device. A plurality of generic 3-d 
models of difBsient body parts, virtual bodypatts or representations of body parts can be 
Btoi«d. The body parts can be bones. The bones can be selected ftom ttie groi^ 
comprising: a femur; a part of a femur; a femoral head; a pelvis; a part of a pelvis; an 
acetabulum of a pelvis; a tibia; a part of a tibia; a knee joint; a h^p joint a vertebra; an 

25 anM^ fibula; a part of a fibula; a shoulder; a wrist; and an elbow. The sttHage device can 
be local or remote. The storage device can be in communicatian with the systean over a 
network. 



An implant image storage device can be provided. The storage device can stme 3d 
30 images, virtual implants or rqwesraitatiaos of a phirality of implants useable in the 
computer aided sui^caJ procedure. The implants can be selected fiom flie group 
comprising; femoral implants; tibial implants; pelvic hnplante; spinaJ nnplanls; prosthetic 
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ankles; prosthetic knees; paresthetic hips; prosfhetic shotdders; pfosthedc eOxyvra; 
prosthetic wrists. 

V 

An instrument image storage device can be provided. The instnunent stoxag? device can 
5 store 3d imag^, virtual instraments or representations of a phnality of instnnnentg 
useable in the computer aided surgical procedure. 

The registration system can include an X-ray or X-ray fluoroscopy registration system. A 
first and/or second Xrray source can be provided and respective first and/or second 
10 detectors associated with the sources can be provided, A source or sources and/or a 
detector or detectors can be moveable. The source(s) and/or detectoz<s) can be movable 
so as to capture images finom at least two di fferent dixections* 

The r^istration system can be configured to capture at least a first unage and a second 
IS image of the body part team difiTenent directions with the patient on Ifae operating table. 

The registration system can includes a first x-ray source and a second x-ray source, a first 
detector posittoned to capture die first image of the body part resulting fiom the first x-ray 
somce and a second detector ]>ositioned to capture the second imag^ of the body part 
20 resulting fi:om the second x-ray source- The detectors can be x-ray detectors whirfi 
generate a digital image or x-^iay fluoroscopy detectors. 

The first detector and the second detector can be positioned above the subject support the 
first and second detectors can be suspended. The first x-iay source and the second x-ray 
25 source can be positioned below the subject siqTporL The x-ray sources can be located 
vnthin a floor. 

The control system can include a registration control part The control system can include 
computer program mstnictions executable to generate a 3d image of the body part fix)m 
30 the first image and second image^ to determine the position of the body paxt in the 

reference fiame of the tracking syst&m and to register the 3d image of the body part with 
the position of the body part in the reference fiame of the tracking system. 
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The tocking system can include a magnetic field generating subsystem. The position of 
the magnetic field geneiating subsystem and/or subject support can be movsible so as to 
change the position and/or orientation of the woridng volume relative to ttie subject 
5 support Hence the sutgical site can more easily be located wilhin the wor^ 
A part of the subject siq>poTt can be movable and/or a part of the magnetic field 
generating sub&ystan can be movable. A reference ftarae on which magpetic field 
generating coils are mounted can be moved relatLve to m patient support. The patient ^ 
support can be moved relative to a reference frame on which magnetic field graerating 
1 0 coils are mounted. 

The first x-ray source and the second x-iay source can be provided on, in, within or under 
a floor on which the subject support is located. 



IS The system can include an image handling sub^systrai. The system can include a video 
mixing and control sub^tem which controls the format, type and dieplffy of images on a 
pluraUty of different image display parts of the system andAor which reoaves images ftom 
a plurality ofdi£ferent image sources, llie image sources can include an endoscope^ a 
video camera, a still cam^ a digital camera, an image store, a surgical planning 
20 application, a suigical workflow appUcation, an IGS application, and a traddng system or 
systems. The display devices can inchide a trntidUigcantiolsys^ 
image wall, a heads up display, a sucgical site display. 



The ccmtrol ^tem can include computer program instructions providing an ortibtopaedic 

snrgcry workfiow program and/or an orthopaedic planning program and/or an image 

guided smgery program. The image guided surgery program can be configured to 

implement an orChopaedic procedure at least partially planned by the orthopaedic planning 
prograiCL 



30 



The tracking system can pass or provide data indicating the identity of a madsr, or of 
each of a plurali^ of mar^x;^ being teacked by the traddog system to the coixtio] Systran. 
The control syatxan can detNixiiiie (he nature cjf the ekaooent with which the madcer is 
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assodated The or eadti marker can be associated with a bone^ an implant, an instrument, 
or a part of the surgical systenu e.g. a part of the registration system or tiie suigical site 
display. 

5 The system can jbrth^ conq)rise a matk^, or a phiraUty^ of mariters, wirelessly tiackable 
by the izacking system. Themaifcerormajckieracanbeattaidh^ 

The marker or markers can be attached to an instniment or inst^ Ttemarkeror 
markers can be attached to a bone or bones. The marker or imrkers can be attached to a 
part of the surgical system. 

10 

The or each maiksr can have a housing including a bone anchor for retaining the madcer 
nvilhin the bone of the subject The marker can be hermetically sealed in the housing. 
The housing can he configured to be percutaneously in^lantablc within the bone of a 
subject The or each marker can have a housing and the marker can be hermetically 
15 sealed in the housing. The housing can be configured to be secured within or to an 
tnriplant or part of an implant 

The system can finflierimdudB a prosthedcjo^ 

prosthetic joint can conqnise a jBrst orthopaedic implant bearing a first marker wirelessly 
20 trackable by the tracking system and/or a second orthopaedic implant bearing a second 
marker wirelessly tiackable by fliB tracking system. A marker can be provided in a wall, 
stem, pin> peg or bone anchoring part of the orthopaedic implant 

The prosthetic joint can be a knee joints an anide joint, a hip joint, an elbow joint, a wrist 
25 joints a hip joint, a shoulder joint, or a spinal joint 

The prosthetic joint can be a prosthetic knee joint, and the first orthopaedic implant can be 
a femoral component and the second orthopaedic component can be a tibial component 
The femoral component can inchides a locating pin and the first marker can be located at 
30 least partially within the locating pin. The tibial conqionent can includes a keel or anchor 
and second marker can be located at least pardally within the keel or anchor. 
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The prosthetic joint can be a prosthetic hqi joint, the fust orttiopaedic implant can be an 
acetabular componeat and tiie second orthopaedic componrat can be a femoral 
component The acetabidar component can be a cup and the first 
within a wall of the cup. The madc^ can be at an apex of the c^. The femoral 
conq>onmt can have a body and the second maifeer can be located at least partially within 

fliebody. ThesecondmaikercanbelcKatedatadbonWwof thebodhjroratlh^ 
of the body 



The system can include a plurality of markets wirelessly tradcable by the wireless 
10 magnetic tEacking system. A first of the markers can be configured to be powered by RF 
induction. The first marfcer can be implantable in the bone of fiie subject A second 
niarfcer can be configured to be powered by RFinductioti. Hie second mark^ can be 
attachable to an orthopaedic implant A third marker can be batteiy powered. Thethirdts 
marker can be attachable to an instrument The instrument can be configured for use in 
15 ttiB surgical procedure to prepare for implanting the orthopaedic implant; or for 
implanting the orthopaedic incplant in the body of the subject 



According to a second aspect of tihe mvention, there is provided a dunm^ oar virtual body 
part fiw: use in training a surgeon to carry out an orthopaedic surgical procedure on a 

20 surgical site. The dununy body can coniprising an outw layer, an inn»vol^ 

flnee dimensional formation snrraiunded by the inner volume- The an outer layer can be 
ofa first mat^ which mimics skm. The hanervolume can be of a second material 
within file out^ layer. The second material can mimics interior body tis 
particular tissues or siroctures associated with a jomt The Ihree dimensional 

25 fommtion can be of a third material which mimics bone^ The ouier layer, inner volume 
and formatian are can be ananged to con^espond to a joint of a human boi^. 



30 



The dummy body part can have a first three dimensional fomiation corresponding to a 
knee joint and a second three dimensional formation corresponding to a hip joint 



The first material can be a polyurethane elastomer and/or the second material 
polyuxediane elastomer and/or the thind material can be a solid foam. 



be a 
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Accodding to a fliird aspect of the inveation, fliete is provided a meihod for operatiBg an 
integrated surgical system to raable a scorgeon to cany out a computer aided surgical 
procedure. The method can include detraminiiig the positiOD of at least a first marker 

5 being wirelessly tracked a wireless magaetic^^ Thepositiooof ttiebody 

part of the subject can be registeied widi an image of the body part of flie subject. A 
legistered image of the body part of the subject can be displayed on a display device. An 
image representative of an implant at a current position of the implant relative to iIib body 
part can also be displayed on the display device. The images can be displayed during the 

10 computer aided surgical procedure, A command can be received ftom a surgeon 
ii^iei&ce. Opemtion of a part of the integrated surgical system can be controlled 
lesponsive to the command. 

The wireless magnetic tracking system can gen^iates a magnetic field defining a woiking 
IS volume oflhetaidking system wilMn which the ST^^ 

located. The position of the marker can be within a re^nce firame of the tracking 

system. 

The body part and image of the body part can be r^stered within Ihe reference fiame of 
20 the tracking systCTi. 

The method can fcrther corxiprise determiinng the position of a second marker being 
wirelessly tracked by an infrared wireless traddng system. The position of the second 
iiiaricer can be within a reference firame of the infinared wireless tracking system. The 
25 mediod can further comprising determining the position of the second marker in the 
reference &ame of the wireless magnetic tracking system. 

The method can furflier comprise detemrinrng the position of an element to which Ifae 
marker is attached in the reference frame of the magnetic wireless irackmg system. The 
30 element can be an instrument:, a bone^ an implant or a part of the surgical system, such as 
a part of a registration system or a surgical site display. 
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The meliiod can fbrther comprise geaierating ao image fer display on a heads up display. 
The image can be supplied to the heads display. The image can be selected fibom liie 
group comprising: a captured image of the body part; an image of a model of Ihe body 
part; a registered image of the bodyparl; a video image of the body part; a Tepiesentadon 
of an implant a repiesentatifai of an instrameni^ an indicadoo of the planned position of 
an implant, instnmient or incision; and any combhiatian and/or overlay of the preceding. 



The method can further comprise generating a phirality of different images for display on 
a waU display unit. A one of the plurality of images can be supplied for display in an 
10 image region of flie waU ifisplay unit A different one of the phiialiiy of imagies can be 
displayed in each of a phitality of image regions. 



The different images can be selected fimm the groiq) comprising: a captured hn^ of die 
body part; an unage of a model of the body pat^ a registered image of the bod^par^ a 
15 video image of the body part; a representation of an implmt; a repiesentation of an 
instiumait; an indk;ation of the planned position of an in^lan^ instrument or mmsion; 
and any combination and/or ovalay of fiie piecedtiig. 

The mc*hod can finther comprise c^rturmg a surgical site image of a surgira^ The 
20 suigical site image can be sui^lied to a display device. The displ^ device can be 
positionable over die snigica] site of flie patioot m use. The surgical site image can be 

displayed in regisliatian with die suigical site. The surgical site image can be a real time 
video or still inmge of the surgical site. 



25 Themefi 



a finfiier comprise legiscering a further image with die position of the 
surgical site. Hie finther ima^ can be overlayed on die surgical site image. Thefiirther 
image is selected flom the group comprising: a captured image of the body par^ an imaj^ 
of a model of the body part; a registered image of flie body part; a video image of the body 
part; a reprearaitation of an implant; a representation of an instrumoit; an indication of the 
30 planned position of an implant, instrument or mcision; and any combination of the 
preceding. 
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The method can fiirthea: comprising c^turmg real time video images of a suigical site. 
The real time video images cm be supplied for display in real time on at least one display 
device of the system. 



The method can fiiriher course retrieving and/or receiving an image fiom an ims 
storage device- Theaninmgecanbeaone of aplurali^of capturedunagesof tliebod^ 
part of the subject The images of the body part can be selected from the group 
compri^g: X-ray images; CT scan hn^ps; ultrasound; and X-ray fluoroscopy images- 



10 The method can furOier comprise selecting a one of a plurality of genaic 3d models of 
difieroit body parts stoi^ in a storage device. Selecting die 3-d model can be based on a 
measure of the patienf a body part derived fiom a c^rtuied imagp of the body part The 
selected one of the phnality of g^ieric 3d models can be morphed to more closely match 
fbo body part of the subject An image derived ftom the morphed generic 3d models ox 

15 the morphed generic 3d model, can be displayed. 



The method can further comprise selecting and/or retrievmg a one of a pJnmlity of stored 

3d images of a plurality of iniplanls useable in flic compnter aided surgical procedure. 

The current orientation and/or position of an hnplant corresponding to the selected 
20 uBplant can be determined^ Selecting the implmt image can be based on determiiiingt^^ 

identity of a marker attached to the hnplant correspondrng to the selected implant image. 

An hnage can be generated fiom the selected 3d image of the uiq^lant The image can 

corre^ond to a surgeon's view of the implant for the current orientation of flie implant. 

The image can be displ^jred at the cuiient position of the hnplant The displayed implant 
25 image can be registered with a displayed registeped image of the body part. 

The method can fiirther comprise sdccting a one of a plurality of stored 3d images or 
representations of a plnrahty of mstrumenia useable m the CQmputer aided surgical 
pcocediircL Selecting the instnmient image can Ix^ based on deteiminingth^ 
30 marker attached to the instrmnent coiiespondmg to the selected The 
current orientation and/or position of aji instrument corresponding to the selected implant 
can be detennined. An image can be generated fiom the selected 3d image of the 
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instrument. The image can conesponding to a sorgeon's view of tiie instraniCTt far tbe 
current orientation of the instrument. The image can be di^l^Fed at the omrent position 

of the instrument The diq)k5red instalment nnagc can be i^tered vrith a displa 
registered image of the bo^pait. 



The method can iurthar comprising captming a first x-ray or x-iay fluoroscopy image of 
the body part fisr a first direction and a second x-ray or x-ray fluoroscapy image of the 
body part for a second direction, dififerent to the first direction. A 3d image of the body 
part can be graerated from the first image and second image. The position of the body 
10 . part m the nafe^ace flame of the tracking system can be detmnined. The 3d image of 12ie 
body part can be registered with the position of die body part in the reference fiame of the 
Ixaddng syston. 



The position and/or orientation of a cultured image of the body part in the reference fiame 

15 of the traddng system can beTised to reglstH- die 3d image ofthebodly part and the 
position of dia body parti The position and/or Qrienfadon of a captured hnage can be 

determincdhydetectmg the position of an hnage capturing device m fhere&mice fiame 
of the trackuig system. The position and/or oriemadon of a c^tnred image can be 
determined fiom a fixed pogtiozia] and/or orientational relatioDship of the image 
20 cqituring device wiflr tiie refecoice fiame of die traddng system. 



The method can fiuther oomqptise controlling ima^ from differ^t sources and 
displayrag images fiom different sources on difif«ent image display parts of the syst^ 

25 The method can fiiriher comprise displaying a user interfecefijT an oadiopaedi 

workflow program and receivmg and processing commands entered via die user interface. 



The mediod 



tn fiirther comprised displaying a user intai&ce for an orlhopaediD planning 
program and receiving and processing orthopaedic planning commands entered via the 
30 user mterfece. M least a part of a surgical plan can be saved. Implant type, implant size 
and/or unplant position selection <»}mmand8 can be received and/or processed. 



» 



10097247 TOriMar-QA 05:^ 



10/03 2004 17:47 FAX DDL LEEDS ^ WC PATEI4T OFFICE 8026/061 



15 

The metiiod can fiirther canapcise displaying a user interfece for an orthopaedic image 
guided saigety program. Conunaads entered via the user interfece can be received and 
processed to control the image guided surgeiy procedure. 

5 Hie mediod can finth^ comprise gjBneratittg and displaying images to guide the surgeon 
to cany out surgical steps- A, some or all of the surgical steps can have been planned by 
the orthopaedic planning program- The steps can be planned pre-operatively or intra- 
operatLvely* Pte^speiative planning can be entirely virtual. 



10 The method can fiirflaer comprising determining the identity of each of aphuality of 
markera being t!tu5ked by ttettadfcing^^ste Thenanu^of an elemesot with which the 
maxker is associated can be detemiined for each or all of the plurality of markers. 



The nature of die element can be selected fixHn the group conapdmig: a bone^ an implant; 
IS an instrument; a tool; and a pact of the surgical system. 

The method can finther conq^sing deternitning the cunrent position of a izackahle 
instrument, or all trackable instiumenis, in the reference firame of the tracking system. 
Only the current position of an instrument or instruments located witMa tie w<»:ldng 
20 volume can be determined. 



The method can further ccmiprise determining tfie current position of a bone, or all bones» 
in the refeience fitame of the tracking system. Only the curraat position of a bone or 
bones located within the workipg voltnne can determined. The oor each bone can have 
25 a marker implanted therein. 

The method can finther comprise determining the position in the reference frame of the 
tracking system of a first orthopaedic uoiplant bearing a first marker wkelessly trackable 
by the tracking system. The position in the reference fiame of the tracktag system of a 
30 second otrthopaedic implant l>earing a second marker wiielessly trackable by the tracking 
system can be determined The jxisition m the reference fiame of the tracking syston of 
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aO maiiked nriliopaedic implants can be deteimmed. Only the cimentpositiaQ of 
implant or implants located wiUnix the working volume can be determinBd 



The first <nthopaedic inqilant can be a femoral component of a pErosOetic kaee joint 
5 and/or the second orthopaedic conipoaent can be a tibial component ofa proafliBtic knee 
jwnt. The first oiOiapi^c implant can be an acetabular conqionent of a hip joint and/or 
the secfmd arlhopaedi&compoinait can be a femoral component of a hip joint. 

Aocrarding to a fourlb aspect of flw invention, there is provided computer program code 
10 executable by a data processing device to provide Ihe method of the third aspect of Oie 

invention. There is also provided a con^puto: readaWe medium beating conqrat« 
program code according to the fourth aspect of Ifae invention. 

According to a fifth aspect of the invention, there is provided a wirelessly ttadable 
15 prosthetic jouit. Theproslheticjointcancarnpnsea fiistooinpon^beuingafirst 
wirelessly trackable maricer and/or a second component bearing a second wirel^sly 

trackable marker. The fimt wirelessly imdrnWemaAer and/or the secomlwirdessly 
trackable marker caa eadh be h&cmeidcally sealed* 

20 The first and/or second wirelesdy Hackable marker can be configuied to be powered by 
RF induction. 



The fiist wirelessly trackable maiker and/or the seccmd wirelessly trackable marker can 

each be hetmetLcaaiy sealed in an encapsulant and/or^ The housing can 

25 include at least a ceoramic part. 

The first and/or second wirelessly trackable marker can be magnetically wirelessly 
trackable. 



30 The first and/or second wirelessly trackable marker can be located withm a wall, stem, 
locating formation, pin, keel or anchor part of an implant component- The marker can be 
enclosed within any of the preceding parts of the implaait conmonent. 
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The first and/or second wicelessly tiackable niarker caa be wkelessly tackable with the 
first compoBBnt and/or fhe second componwt implanted subcataoeously in Ifae body of a 
subject. That is the makecs can be tcadoable through tbe patienf s skin afl»r the surgical 
wound has been closed and withoiit the matker bemg exposed by the skin. 

5 

The joint can be a prosthetic knee, a prosthetic hip, a prostiietic ankle, a prosthetic wrist* a 
prosthetic elbow, a prosthetic shoulder or a prosthetic spinal part or joint 

Thejoint can be a prosthetic knee. The joint can be a inri-condyle prosthetic knee. The 
10 jBast conqjonent can be a feoKiral component The femoral component can have a fennir 
engaging surface and a bearing suc&ce corresponding to a single condyle of the femur. 
The second con^Kment: can be a tibial conipaaent. The tibial conr^sonent can have a tibia 
engagmg sur&ce and a bearing on an apposed side. The bearing can be configured to 
enga^ with a single condyle beariiig surface only of fhe femoral component as the 
IS prosthetic knee is articulated* 

The femoral compoiifiot can inchides a location pii^ The location pin can extmd &om fhe 

femur engaging sQX&ce. The location pin can haw a cavity ih«3rei^ 

partially located or wbolly located. The maikfsi' can be enclosed within the location pin. 

20 

The femoral component can be configured with at least a first sensor coil of Ihe matls&r 
alignedorparallel with a prindpal axis of the body part The principal axis can be fhe 
longitudinal axis of the femar« 

25 The tibial componcait can mclnde a keel or anchor part for engaging in the tibia in use. 
The marker can be located at least partially in the keel or anchor part 

The tibial component can be configured with at least a first sensor coil of the marker 
aligned wifli a principal axis of fhe body part The principal axis can be an anterior- 
30 posterior axis or direction of the dbia. 
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The joint can be a hip joint The £3«t component can be aa acetabular conqioiient. Hie 
second component can be a femoral conqxinenL Hie femoral coonponent can or 
include a stonpazt. 

Hie fiist mate can comprise a housing defimng a cavi^ and a maiker located witinn the 
cavity. Hie cavily can faave three parts. A first part can recehre a sensor coU. A second 
part can receive control cttcuitcy. A fliird part can recsave an RF power induction coil. 



The ac^abular conqponent can have a wall and tiis ac^bidar marker can be located 
1 0 wifhin the wall of the acetabular component 



Tlie hoosing can have a convex outer surface and a concave inner surface. The acetabular 
component can have a convex outer surfece and a concave bmia surfece. The aatar 
surface of the housing can smoolMy continues the outra: sm&ce of the acetabular 
15 component The inner surfece of the housing can smooiMy ooitttinue the imier 

the acetabular component The inner surfaces of the housing and/ttr acetabular component 
can be hij^y polished to provide an articulate sur&ce. 



The femoral conipafnent can defines a cavity therein and the secoGod. madaec can be located 
20 partially or wholly in 1b6C8v%. The marker can be enclosed in tide cavi^. 

According to a sixth, aspect of the inventioii, there is provided a Mt of parts for use in a 
computer aided artfaopaedic surgical procedure. The kit inctades a first peicutaneously 
implantable marker fi>r implanting in a first bone associated with a jomt to be replaced 
25 and a faxjsttoetic joint according to tJiefifik aspect of the invention. A second 

percBtaneously implantable marker for iiiq}laQting in a second bone associated with the 
joiot to be replaced can also be provided. 



The kit can fiuther comprise an instmment or instrument assembfy for injecting tbe first 
30 and/or second marfceis through the skin of the patient so as to implant the maik^ m the 
bone or bones of the patient 
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AccDiding to a seventh aspect of the invention^ there is pnovided a computer implemented 
method for caziying out an orthopaedic surgical procedure. The procedure caa inchide 
mqplanting a first orthopaedic in^lant bearing a first mark^ magaeticaUy wirclessly 
trackable by a tracking system and/or a second orthopaedic implant bearing a second 
5 matter magnetically welessly trackable by the traddng system in a body of a subject 
The method can include creating a surgical plan defining the intended implantation 
positions for the fim and/or second orthopaedic iinplanfe An Image of a part of the body 
of the subject can be xegistexed with the position of the part of the body of the subject in 
the reference frame of the tracking system. The surgical plan can be registered with the 

10 tracking system. The cunwt positions of the first and/or second ordaopaediciiiqjl^^ 
deteraimed. A first image representing the part of the body of the patirat, a second image 
repres^ng the current position of the first orthopaedic implant and/or a third image 
representing the current position of the second orthopaedic irnplant can be dispfayed An 
indication of the planned positiaas of the first and/or second orthopaedic implants 

1 5 derived fix»m the surgical plan can also be displayed. 

Acooiding to a eigfith aspect of the inveidian^ there is provided a method fiir carrying oat 
an orthopaedic con^ter aided smgKy i^ocedure on a body of a subject in an cipezatmg 
room. The mefliod can include planning the iiitendedposit^^ 
20 implant wirelessly magnetically trackable by a trackmg system having a reference fiame. 
A part ofthe body ofihe subject in the operating room can be registered, Animage 
guided surgery system can be used to ddbermine an irnplantation position of the first 
orthopaedic implant in the part of die body. The orthopaedic itt^lant can be implanted at 
the implantation position* 

25 

The method can further comprise percutaneously implanting at least a first sensor 
wirelessly magnetically trackable by the tracking S3^tem in a bone of the part of the body 

The first sensor can be implanted prior to locating the body in the operating room. 

30 

The first sensor can be inqplanted wilfa the body in the qpeiating room. 
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The first seaifior can be implanted prior to plamimg the intended positiooi of fhe first 
orthopaedic inxplaot 



Registering a part of the body can occur before planning the intended position of the fiist 
5 orthopaedic unplaot Registering a part ofthe body can occur after planning the inl 
petition of the first orthopaedic implant* 



Planning the intended position can be earned out virtually. 



10 The method can further comprising taking first and second x-ray, or x^^ray fluoroscopic^ 
images of the part in the operating room from difiBercnt directions. The mt^rf^yj position 
of the first orthopaedic in^lant can be planned using a 3d model of the body part dc^ed 
from the first and second irnages. Preferably the first and second images are fiom 
directions approximately 90^ apart 

15 

The first and second x-ray, or x-iay fluoroscopic, images of tine part can be taken without 
moving the patient in the operating zoom. The method can include moving an x-ray 
sonxce and/or an x-ray, or x-ray fluoroscopy, dtetector. 



20 The method can finthcsr comprise visually assessing the perfonnance of the implanted fust 
ordiopaedic implant in file c^erating room by viewing a real time representation of tiie 
position of fixe implant or implants and/or the part of the body immediately after 
implantation and before or after closing the surgical woimd. 

25 The method can further comprise percutaneously removing a marker wirelessly 
magnetioally trackable by the traddng system firom vtrhhin a bone of the body part. 



30 



Preferred features of a one of the aspects of the invention can also be counterpart 
pref^ired features of other aspects of the invention mutatis mutandis. 

The present invention will be more fidly understood flnm the fbllowmg detailed 
description of the embodiments thereof^ taken together with the dmwin^ m which: 
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Figjore 1 shows a scheoialic block diagram iKustratiiig an ortfaopaedic operating 
loom axx^oiding to the inveatian; 

Figuie 2 shows a perspective view of the orthopaedic operating room illasttated 

in Figure I; 

Figure 3 shows a schematic block diagram of the orthopaedic operating room 

shown in Figure 2^ 

Figure 4 shows a schematic block diagram of an image control subsq/stem of the 



operating room; 

Figure 5 shows a hi^ level flow chart ilhiatrating phases of use of die 
orthopaedic opeiatiiig room; 

Figure 6 shows a schematic rqgnresentation of a software architecture of the 
orthopaedic operating room; 

Figure 7 shows a perspective view of an X-iay imagmg part of the orthopaedic 
operating room; 

Figure 8 shows a schematic view of a real time surgical site display part of the 
orthopaedic operating room; 

9 shows a schematic^ pictorial illustration including a mag^ettc tracking 

sub system of the orthopaedic operating room; 
Figures lOA and lOB are sdi^atic, partly secliona] illustrations, showing 
insertion of an embodiment of an implantable marker in ihe bcme of a patient to 



30 



be treated in the ortfaopaedic operating rooro; 

Figures. 1 1 A and I IB are scbiematic, factorial iUustrations showing details of 
wireless position sensor or marker parts of an implantable marker, an uistrumeat 
marker and an implant marker; 

Figure 12 is a schematic* pictorial illustration showing details of a two-part 
position sensor or marker; 

Figure 13 is a schematic^ pictorial illustration showing a surgtcal tool and a 
marker used to track coordinates of the tool in tfae orthopaedic operating room; 
Figqrc 14A is a schematic, pictorial ilhiatration showing an operating table and a 
location pad that is inserted into the table^ being parts of the orthopaedic 



operaring room; 
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Figure 14B is a schematic, picfsarial illustaticm showing the location pad of 
Figure 14A after insertion into the operating table, and showing the woiictng 
volume of the location pad; 

Figure 15 is a schCTiatio, pictorial illustration showing adjustment of a part of flhe 

magnetic tiacking system for ose in a knee operation; 

Figure 16 is a sdhsmatic, pic^xrial iUustcation of a fiuther magn^c tracking 

subsystem part and operating table part of the orthqpaedic operating room; 

Figure 1 7 is a schematic pictorial illustmtion of a further magnetic tracking 

subsystem and operating table part of the orthopaedic operating xoom; 

Figures 18A and 1KB are a schematic, pictorial illustrations of a ferfhermagnetic 
tracking subsystem and operating table part of the orthopaedic operating room; 
Figure 19 is a schematic, pictorial ilhistration of a further magnetic tracking 
subsystem and operating table part of the orthopaedic operating room; 
Figures 20A, 20B, 20C,20D and 20E respectively show a per^ctive view, two 

longitudinal cross sectional viesM^, a first end view and a transverse cross 
sectional view of a housing part of an implantable maxkn for use with the 

magnetic tracldi^ subsyst^ of ti» m^tiiopaedic apenismg room; 

Figure 21 shows a schematic cross sectional view of a finiher implantable 
marker; 

^ - * 

Figure 22 shows a sch^atic cross sectional view of a fiulher implantable 
nuoker; 

Figure 23 shows a flow chart illustcating a pre-operative method for unplanting 
the implantable marker throngh the akin of a patient to be treated in the 
orthopaedic operating room; 

Figures 24A-24D show pictorial representations illuslrating parts of the method 
of Figure 23; 

Figure 25 shows a flow chart ilhistrating a post-qperative metiiod fox removing 
an implantable marker through the skin of the patient; 

Figures 26A-26D show pictorial rqpresentations illustrating parts of the method 
of Figure 25; 
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Figaro 27 shows a high level flow chart illustrating a computer aided smgical 
melhod aocoiding to an eanbodimcsot of the invention and a method of tising the 
orthopaedic operating room according to an enttlxxliment of the invention; 
Figiue 28 shows a schematic perspective view of a tnaxked points tool for use in 
the crttiopaedic operating room; 

Figure 29 shows a schematic perspective view of a marted plane tool for use in 
the orthopaedic operating room 

Fig. 30 shows a schematic perspective view of a marked buir tool for use in the 
orthopaedic operating room; 

Figure Slshows a schematic perspective view of a tensor device for use in the 
orthopaedic operating room; 

Figure 32 shows a schematic perspective view of a compression tool for use with 
tiie tensor device shown in Figure 31 in the orfhopaedic operating room; 

Figures 33A» 33B and 33C respectively show a perspective, an end and a cross 
sectional view ^ong line AA of Figure 33B of a navig^le unicondyle prosthi^c 
knee unplant according to an embodiment of the invention; 
Figure 34 is a flow chart illustrating a computeir aided surgical method for 
carrying out a knee replaoranent c^keration using the orfhcqpaedic operating room 
according to an embodiment of the invra.tion; 

Figures 3SA-34J are pictorial representations of some of fbe steps carried out in 
Figure 34; 

Figure 36A shows a flow chart illustrating an X-tay based auto-regisiration 
method part of tiie method shown in Figure 34; 

Figure 36B shows a flow chart illustrating a 3d model creation part of the metl 
illustrated in Figure 36A; 

Figure 36C shows a flow chart illustrathig a computer aided orthopaedic 
planmng method pact of the method shown in Figure 34; 
Figure 37 is a flow chart illustrating a captured body image ftee veraion of the 
cozxiputer aided surgical method illustrated in Figure 34; 
Figore 38 shows a flow chart illustrating a computer aided surgery part of the 
method of Figure 34 for implanting the implant shown in Figures 33A-33C 
according to an embodiment of the inves ' 
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Figoies 39A to 39D show pictorial representations of a knee teving an iinplant 
fitted and iUuslxating paits of the me&od of Figure 38; 

Figures 40A, 40B and 40C respectively show aperspecfiye, an end and a cross 
sectional view along line AA of Fig. 40B of a navigable prosthetic hip implant 
5 according to an emimdiznent of the invention; 

Figures 41A, 41B, 41 C and 41D respectively show a cross sectional, peispective, 
longitudinal cross secticmal and a transverse cross sectional view along line AA 
of Figure 41C of an acetabular implant marker part of the acetabular implant part 
of the prosthetic hip shown in Figures 40A-40C; 
10 Figure 42A shows a flow chart ilhistrating a planningpart of a ccoxtputer aided 

suigical method for cairying out a hip replacement cpecation using the 
orthopaedic operatiJig room according to an embodiment of the invention; 
Figures 42B to 42E show respective pictorial represeaitattons of various steps of 
the method of Figure 42A; 

1 5 Figure 43 shows a jflow chart iUustcating a computer aided suisery method for 

implanting a navigable prosthetic hip being part of Ifae overall computer aided 
surgical method for canying out a Uyp replacement opm&m according to an 
embodimmt of the invention; 

Figures 44A and 44B respectively show a side vi ew and a {xoss sectional view of 
20 a fiirtiier acetabular implant according to an aspect of the invention; 

Figures 45 A, 45B and 45C re^ctively show perspective, side and cross 
secticmal views of a femoral head inq>lant according to an aspect of the 
invention; 

Figures 46A and 46B respecttvely show perspective and cross sectional views of 
25 a fijrther femoral bead implant according to an aspect of the invmtion; 

Figure 47 shows a flow chart illustratmg a computer aided surgery part of a 
finrther method for fitting the femoral head implant shown in Figures 45A-45C 
according to an embodiment of the invention; 

Figure 48 shows a flow chart illustrating a computer aided surgery part of a 
30 further method for fitting the femoral head implant shown in Figures 46A and 

46B according to an embodiment of the invention; 
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Figqre 49 shows a cross sectional view ferough a surgical tjeachmg and training 
device accordmg to an aspect of the invention and useable in the orthopaedic 
operating room; and 

Fi^jre 50 shows a schematic diagram of a computer control part or parts of l3ie 
S orthopaedic operating room. 

Similar items in dififeieat Figures generally have common refer^ice nmnerals unless 
indicated other wise. 

10 With reference to Figure 1 there is shown a schematic block cliagram of an integrated 
orthopaedic surgery system 1 which can be used to provide an orthopaedic opecatiag room 
which itself provides an orthopaedic operadng imvironment withm which a surgeon or 
other medical practitioner can carry out a computer aided orthopaedic surgical procedure. 
Figure 1 illustrates some of the major parts and sub-syst«ns of the orttiopaedic opeiatiog 

15 system 1 at a conceptual laCherfhan physical level. That is^ Figure 1 illustrates the 

functionalities provided by the various parts and sub-^t^ms of the ovoall system 1 and 
should not be construed as limiting Ihe actual physical inqplementation of the 
functionalities iUustrated in Figpire 1 . 

20 The orthopaedic operating syst^ I includes an operating table 2 wMch acts as a patient 
support and on which a patient, or subject, on which an orthopaedic pmcedure is to be 
carried out can be located. Various embodimeDts of patient support 2 will be described in 
greater detail below with particular refereiioe to Figures 14A to 19. 

25 The system 1 also includes a first trackhig system 3 and in other embodiments can also 
iuctude a second tracking system 4. Id one embodiment, the first tracking system 3 is a 
wireless, magnetic tracking system which can track the positions of sensors and provide 
an indication of the position and orientation of the magnetic sensors^ also referred to 
hei^ as maifeers^ withia a wcnidng volume of tbe tracking system 3. The tracking 

30 system 3 has a inference frame^ or co-ordinate fiame^ associated with it and which is also 
associated with the overall orthopaedic surgery system I, The trackiag system and 
markers will be described in £^:eater detail below also. 
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A seccmd tracking system 4 can also be provided and can be a wireless or wire line based 
traddiig ^tem. In one embodiment, die second tcacldi^ system can be based on 
detecting reflected or transmitted infiaied ladiadoa A suitable infiaied based tracking 
system is a suitably configured VecttB- Vision or Vector VisioiO 2 system as provided by 
BaihUb AG of Heimstetten, Germany. The infiared tracking system can include IR 
camerapacts provided by Norflian Digital Lie of Canada under tbe trade name Polaris. 
This system can also uses active tools or instruments which omit infrared radiation rather 
than mfSBly reflecting 



10 The provision of two s^arate traisking systems aUows greater flexibility in die surgeon's 
work procedures and allows differently marifed tools, instrumenls, implants and reference 
arrays to be used in order to allow tbe position of various elements within the systan to be 
detennined. It will be appreciated that the infrared based tracking systeans require a line 
of sight to be maintained between tbe tracked element and inftared detectars and therefore 

15 the magnetic field based tracking leciinology can be preferred as flie surgBon does not 
need to be as mindfid of maintaining tbe line of 



The ordiopaedic operating system 1 also includes an X-nry or X-iay fiuorosccpy based 
imaging sub-system 5 which can be used to capture images of die patient on the opemting 
20 table 2 to either pre, intra or post-opetatively. In one emboduneati the X-ray imaging 
Systan provides apart of an auto-regisHation feature of the orthopaedic operating system 
1 as will be described in greater ddtail below. The X-ray imaging system can be an Xnray 
system or can be an X-ray flucHoscopy system. 



25 A real time video imaging system 6 is also provided in the ferm of a surgical light with 
integrated video camera 6. This system can be used to provide illumination of the 
surgical site and to provide wide filed of view or close vp video images. 



an 



A surgical site display device 7 is also provided wbich can beosed by fiie sur^on to 
30 display a real time image of the surgical site and on to which other unagE» can be 

displayed and/or overlayed on the surgica} site image. For example, an indication of the 
location of an incision, out. an implant a planned position or an instrument can be 
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displayed as part of an image guided surgical process which will be described in greater 
detail below. 



10 



A large sc^e display 8 is also provided mliiefoitn of a video or iniagew Theimage 
display wall has a plurality of imaging regions on which various different images fiom 
various difTexent imagie soxiices can be displayed in order to provide an innnersive 
eavironment in which the surgeon can operate and to provide various souices of 
infonnation to the surgeon in different formats on whidi to base his surgical activities and 
decisions. A suitable display wall is available fix>in Barco based in Belgium. 



A control system 9 is also provided which controls and integrates the overall functionality 
of the various parts and sub-systems of the orthopaedic operating system 1 so that the 
fimctionalitiea are integrated togiBlOier rather than being disparate parts. The surgeon can 
control the op^cation of the operating room via a surgeon interface 10. The surgeon 

15 inier&ce 10 can comprise a vari^ of input and output devices fer entering instructions 
and ^munands and displaying information to the suiseon. The control system 9 is 
illustrated schematically by a su^e suitably programmed general purpose conqmter 
device* However in practice^ the control system can be iodplemesned by a number of 
devices so lliat the control fimction is distributed throughout the orthopaedic operating 

20 systrai 1. The iirvention should therefore not be consideared to be limited to an 

implementation involving a single computer and indeed^ as will be apparent fiom the 
following description^ a number of totraracting computing devices can be 



The surgeon ititer&ce 10 can include a gyromouse 1 1 which is an orientation sensitive 
25 input device whereby the surgeon, can enter commands to the control system by moving 
(he gyromouse 1 1 and/or changing its orientation and/or pressing buttons. In tins way, the 
surgeon can control menus and move cursors in order to make selections and enter 
coxrmiands via a graphical user interfice displayed on contol system display unit 12. A 
suitable gyromonse is provided by Gyration of die USA. 

30 

Display nnit 12 provides a user interface to the surgeon and also displays any number of a 
plurality of images to the surgeon and is a primary source of information and images 
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available to lie suigeon. Display unit 12 has a touch sensitive saesi so that die surgeon 
can eater commands and select options via the screen of display device 12. A plurality of 
display devices like display 12 can be provided, one fiar each of the tracking systems, or 
altemativety a siagle display device can be used to control and display images fiom both 

the tracking systems. "Ilbe latter qption is pre&a3»d so as to muumise the numfaer of 
ccuupoDBnts in the system. 



Tte surgeon interface 10 can also inchide a heads iip display unit 1 3 wearable by flie 
surgeon and on wIdfAi various ima^s, combinatioas of images and ovralays of images can 
IP. be provided so as to finther enhance fee smgeon's immersion m the orthopaedic operaiing 
enviionment A suitable heads up display is provided under the name MOSIS. 



As schematicaUy illustrated in Figure 1, control system 9 is also in communication with 
various stored data items and entities whidi are letdevable fican data storage device 14. 

15 These data items and entitifis may be stored locally in lfae(q>aratiag room or may be 
remotely and accessed via anetwoik which itself may be wired or wireless. Various data 
ittans and entities can be provided m data store 14, such as patient infbcmation, patient 
records, images of patients' scans, models of body parts, instruments, iiqplants, graphics 
files, woikflow programs, orthopaedic surgical planning programs and ixirage guided 

20 suigety programs all of whidi can be provided to control system 9 as required. 



As also iDusbated m Figure 1, a commnnicatum system orbus 15 is provided over which 
data and control commands and instmctikms can be transmitted between the parts of the 
system so as to integrate flie various functional parts of the orthopaedic operating system 

25 1. While various data processing and control operations may be provided locally at the 
difir^:ent parts of the system, all of the parts of the system ate fimctionaUy integrated so 
1ha$ the surgeon can control and configure his working environment so as to optimise it 
ior any specific procedure or any stage of a specific surgical procedure. The nature of the 
integration of the fimctiomUities of the parts of the system will become j^iparent fiom the 

30 following description. 
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Figure 2 shows a perspective view of a smuilation of an arthopaedic c^^eiating room in 
which the orflM^aedic operating system 1 has been integrated. Figure 3 shows a plan 
view of the operating room iDostrated in Pigote 2. As illustiated id Figure 2, the image 
wall 8 can display a plurality of separate images in different regions, which images can be 

5 selected for display by the surgeon via the surgeon interim The image wall 8 can be 
controlled to display a single large image or multiple knagiBS of differmt sizes depending 
on the surgeon's requirements. Various different images can be displayed on video wall 8. 
in^jluding patient scan images^ such as X-rays> CT, fluoroscopy and ultrasound scan 
images, still or animated zeal time images of die snirgicai site, such as viileo images 

10 captured by camera and lighting sj^tem 6, images of models of patiotrt body parts, images 
of real and virtual implants and instruments, images generated by surgical planning 
software and images generated by image guided surgeiy programs so as to guide Ihe 
positioniag of instruments and implants during a surgical procedure. 

15 As also mustrated in Figures 2 and 3^, the surgical lighdng camera system 6, control 

system display device 12, X-ray detector parts 16, 16' andanorbiter 18' are allsusp^dcd 
fiom the cdQing of the operating room so as to provide a clear floor area around the 
operating table 2. Further, X-ray sources 17, 17" of the X-ray imaging system 5 are 
integrated into or under the fioon 

20 

Witib i^erence to Figure 4 fheie is shown a schematic block diagram of an image 
handling and control sub-system part 190 of the orthopaedic operating system 1 . Image 
handling sub-system 190 is based around a video miidng and control system 191 which 
receives as input various images ficom various sources provided by various imaging parts 
25 of the system. The video mixing and control system, under control of a mnlt^ 

computer ^tem 192 handles the formatting and direction of the images fbom the various 
sources and sends them to the appropriate display devices throu^out the orthopaedic 
opemting system I. 

30 The video mixing and control system 19 1 receives images of various tracked elements of 
the system fi»m the magnetic tracking system 3 and/or the inftared tracking system 4. A 
video camera part 18 of the surgical lighting and cam^ system 6 provides a real time 
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video input Data store 14 can provide stored patient scan images and inrngeg of models 
of bones, instnunents, implants and virtual representations of ottier pacta of tbe 
onlippaedic operating system. An endoscope 193 can also be provided which acta as a 
fiuth^ source of images which can be displayed. Any other sources of video 194 can also 
5 be suf^Ued to the video nxudng and control system Anitnag^c^^turingpaitof the 
surgical site display device 7 can also provide an inpui to the video mixing and cor^ol 
system and can also receive images to overiay on a surgical site image, displayed to the 
surgeon. ^« 

10 The video mixing and control system also outputs images for display on the heads up 
display unit 1 3, for display on the different regions of the image wall 8 and also for 
display on the control system monitor 12. Control system monitor 12 is a touch 8<aeen 
device as indicated previously via which the surgeon can enter commands which are 
processed by video contcxil system 195 in order to control or vary the sources of images to 

IS be displayed^ the nature of &e images to be displayed and the display devices on which 
the images are to be displayed. Examples of the types of images that can be displayed 
will become parent from the following descr^tian. 

With reference to Figure 5 there is shown a flowchart ilfaistratmg at a Ugh levdl a general 
20 method 600 of use of the orthopaedic operating system 1. The method 600 includes three 
genecal stages. The jSrst stage 602 includes pze^emive pcoceduies which can include 
capturing varioiis images of the patient's body part, such as CT scans^ uhrasound scans, X- 
my scans and/or X-ray fluoroscopy hnages- Various oihear pie-operative (derations can be 
carried out, such as an asscssmcsit of the orthopaedic performance of the patient so as to 
25 determine the appropriate surgical orthopaedic freatcnmt 

Also during fhepre-operative phase 602, markets detectable and trackable by the wireless 
magnetic tracking system 3 can be p^xnitaneously irnplanted in the bones of the patient 
The positions of the patient's bones can then be tracked so as to aid in the assessment of 
30 the orthopaedic performance of ttie patient. Also during the pre-operative phase 602, the 
planning of the orthopaedic surgical procedxure can be carried out iisiog a surgical 
planning soflwaxe application- hi some embodiments of the metho4 patient registration is 



0097247 10-Mar"04 05:03'] 



10/03 2004 17; 54 FAX 



UDL LEEDS 



UK FATENT office la 042/061 



31 

carried out pre-qperatively- A numbar of these operation 

qperadng room or alternatively prior to the patient entering Ae operating room. 

A second phase 604 coTtespaads to intra-operattve preparations, that is, genetally, 
5 operations betweai the begimiing of smgety, the initial incision, and the end of 
surgexy, Le. closing the surgical wound, Intraroperative jwcocednres can inchide the 
registration, of ihe patieitf s body parts, in some embodhnents, intra-operative surgical 
piyi^n^'mg of the positions of implants, navigated and image guided surgical steps, 
including the prepaiation of bones and placement of hnplants, and immediate assessment 
10 of the orthopaedic perfoxmance of ttte implanted orthopaedic implants. It is also possible 
to capture imagps of the patient's body parts intra-operatively and use those Images in the 
image guided or navigated surgical steps. 

A third phase of the ov^all method 600 includes post-operative procedures, which can 
1 5 include an assessment of the mtbppaedic performance of the patient, including viewing 
images of the kmematio performance of implanted orthopaedic implants^ capturing 
images of the patient's boc^ parts and implants and removing implanted bone markers. 
Some or all of these operations can be carried out m the operaticg room or subsequently 
in other medical &cilities. 

20 

With reference to Figure 6 there is shown a schematic block diagram of a software 
architecture 61 0 iUusfratibog the major functional componrnts used hi the orthopaedic 
operating systwn 1* The software architecture is intended to be conceptual only and the 
individual blocks as merely to clarify the nature of flie processes carried out and are not 
25 intended to limit the invention to dtie specific software arcWlec^^ Rather, a 

number of the functions will be distributed between difEerent programs and execution of 
those programs will be distributed tfamugjiout various parts of the ortfiopaedic operating 
system 1. 

30 As illustrated in Figure 6, software architecture 610 includes a tracking module 612 which 
receives sets of identifier and positional data items 61 1 from each of the maifceES tracked 
by the tracking systems. The tracking module 612 continoously supplies an indication of 
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the position and orientatiaa of the element, e.g, bone, instnimenls, tmp lant^ associated 
with csach of the tracked maxkexs to a planxdng module 614 and a compute aided surgery 
module 616, and any other software con^onent liiat needs access to the position of the 
trackabie elements of Ihe system. The planning module 614 includes a nomber of 
routines which can be used to plan the size and position of various orthopaedic implants 
so as to appropriately construct the joint of apadcnt The computer aided surgery module 
616 provides various procedures and routines by which surgical instruments and unplants 
can be xmvigsted and displays images which allow miagefguided surgical procedures to be 
carded out by <m the surgical plan created using the planning module. 



A general workflow module 618 provides a definition of the various steps to be earned 
out by the surgeon in planning and execulmg a particular siup^ 

involved in a hip replacement or knee nqilacemeut operation, and generally controls the 
overall process of registering the patient; planning the procedure and executing the 
1 S procedure^ as schBmatically illustrated by arrow 620*-^ 



procedures allowing 



A patient registration module 620 provides various routmes a 
images of patient body parts and viruial images of various elements used in the 
orthopaedic operating room^ eg, body parts, instruments and iipplants, to beiegiBtetec 
20 widi the actual positioii of the elem^ts in the rejfermoe fiame of the orthopaedic 

operathig room system. Various registratiatn proc^edures can be used depending on die 
nature of the registration procedure to be used, ag. cs^tured patient image based or 
captured paticaat image ftee, and whether it is a pre-operative or intca-operative 
registration procedure. For example registration information may be required by the 
25 planning module 6 14 and/or by the computer aided surgery module 616 if an intra- 
operative registration procedure is used. 



An image processing and handling module 622 is also provided and interacts with the 
planning and orOiopaedic surety modules to provide image handluxg. processing and 
30 display services. The image processing module has access to the data store 14 which 

includes patient body scan image data 624 and stared images 626 of various elanents, and 
models of the elements, used and tracked in the orthopaedic opemting room, such as 
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graiericbraedtopBs^insliumfinlsandinqjl^ Using the stored image data, real ti 
representations of the patienfs body parts, inqjlants and instrumBnts can be displayed in 
real lime both during the planning and computer aided smgeiy st^es of the overall 



fi3D 



method. 



With refeieace to Figure 7, there is shown a perspective view of parts of the X-ray 
imaging system 5. The X-ray imaging system inchides a first X^y source 17 located in 
die floor of die operating locan and a second X-iay source 17* also in fte floor of liie 
opeiating room. A first X-iajr or X-iay fluoroscopy detector 16 is provided suspended 
10 fixmi die roofofthe operating room aad is assowated with the first X-ray sout^ A 
secfHid X-iay or X-ray fhioiosoopy detector 16' is also susp^ided from the ceiling of the 

room and is associated with the second X-ray source 17\ The X-ray spnrces 
and X-ray detectors aze positionBd relative to the operating table 2 so as to be able to 
capture a first image fiom a first direction dirough die patient's body and a second image 
15 flnou^ a second direction throufiji the patient's body. It is preferred if these images are 
taken in directions appioxmiately 90' apart. The captured X-ray images can be nsed 
snbseqpaitly as part of an automatic legistiation procedure as wfll be descxibed in gieatrar 
detail below. Altematively, the X-n^imagfaig system can merely be used in order to 
generate pr^ intra or post-operate X-i&y images of tite body parts of file pati^ 

20 

FurUier Uie position of the X-ray sources and detectors ate known to the tracking and 
navigation ^tems. Bone markexs implanted in flto patient that also show on die X-rays, 
can provide one mechanism by which tiflte patient anatomy can antomaiticany be registered 
by the navigation system. The X-ray system can be controlled by sor^n via the 
25 surgeon interfece and the acquired image can be displayed on flie image wall 8 screais. 



Jo. one embodiment no preoperative scan or X-ray is takeai of the patient and instead 2D 
fluoroscopy images are captured using the X-ray based imaging system and from these a 
3D model of the patiemtfs bones is built- Orthogonal X-ray shots are taken and the X-tay 
30 image data is used to mozph a generic 3D model of tiie bone to customise die model for 
flMt specific patient. With tins digital model all aspects of die optimal implant positicHi 
can be planned vixtually, eg. conqionent siz^ leg leigih, of&et, st«tn antevetsioa and cup 
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position for a hip implant Th«:e are a numb^ of advantages to this apptoacbL This 
teehiiique is particularly useful in revision arthroplasty when a CT scan would not be 
possible but when an accurate 3 dimensicmal model wiD enable restoring joint anatomy 
even wh^ siguiGcant bone erosion has occurced and latMlmftrifg have been destroyed. The 
5 technique can also be used for trauma and spinal ajpplications. 

With reference to Figure 8 there is shown a schematic view of the surgical site imaging 
and display device 7. llie surgical site imaging and dijg>Iay device 7 includes ^ 
capturing device 630 in the form of a video camera having a field of view schmmtLcaDy 

10 indicated by dashed lines 632. A display part 634 of the device inctaides a display eleraeot 
636 in the form of a TFT display Electronic control circuitry 638 is also provided wMch 
interfaces between the image capturing device 630 and display device 636. The upper 
display part 634 of the surgical site display device 7 is mounted on a support 640 attached 
to a base 642 having wheels or casters 644. A matker 646, tradcable by a one of the 

15 tracking systemB is also attached to the sucgical site display device so that the position of 
the display device within the referrace fiame of the operating room can be determined. 

In use^ the surgical site display device is positioned with the field o 
the surgical site of the patient, e.g. the knee or h^p. The cunrent image of the image 
20 capturing device 630 is displayed in the display part 636 so that the surgeon can see the 
patient's body immediately below the surgical site display device and m registration with 
the surgical site. 

The surgpon cm ttien select to display in place of the image of the patieof s body; or 
25 ovCTlay on the display of the patients body, visual representations of useful information, 
such as th.e planned position of an initial incision^ the planned or navigated positions of 
in^Tuments or tools^ such as drill guides, and the planned positions of implants^ and three 
dimensional images of the implants and body parts, eg: the patiaafs bones. Also, scan 
images or images derived fi^om patient's scans can also be displayed in the display sciteen 
30 636, such as X-ray images, CT scan images or nltrasound images. Hence, the surgeon can 
concurrently display various visual forms of information concuirent with a current display 
of the surgical site of the patient 



\ 
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There will now be described an embodmient of Hie wireless* magnetic based traddng 
s>^tem 3, various embodiments of opmting room table 2, and various embodiinenls of 
wiielessly magneticaliy d^ectable and trackable mazkers for implanting in the bones of 
patients, for use with oHfaopaedic iinqplants and for use with instruments and tools. 



Unless the context indicates otherwise, in the following the tenns "marker" and "sensor" 
or "position sensor" will be used interchangeably to refer to a device trackable by the 
tMcldng sysimi, the jposition and/or orientation of whic An 
"'implantable marker" will gienerally be used to ref^r to a marker that has been adaptied so 
10 as to be implanted within the bone of a patient Hie terms "implant", "orthopaedic 

implant'*, "prosthesis" or "prosthetic implant", or variations thereof will generally be used 
to refw to a prosthetic orthopaedic implant for implanting in a body to rqplace a part of a 
jointorbone. Such an implant can bear or otherwise have a marker or sensor atta 
thereto, or tlierem^ so as to provide a marked implant liackable by the tracking sj^tem. 

15 ^ 

Fig* 9 is a scbematiCji pictorial ilhistration of a magnetic traddng ^tem 3 part of the 
ctthopaedic operating syst^ £or use in compute aided s^ In the pictured 
embodhnen^ a surgeon 22 is pr^aring to p^orm a procedure on a leg 24 of a patient 26. 
The surgeon uses a tool 28 to in^lant an implantable mazker 30 in the form of a speciaUy 

20 adapted bone screw in leg 24. Both the tool and the screw contain miniature, wireless 
iiiaikers or position s^isois^wUch are described in detail here^ The bone sciw 
provides a housing within which the wireless marker is hermetically seal^ Each sensor 
generates and transmits signals that are indicative of its locatloa and orientation 
coordinates, in response to an external magnetic field produced by a set of field generator 

25 coils 32 (also lefeired to as radiator coils). Typically, imiltiple implantable markers, in 
the form of a screw with aposition sensor therein, are impfanted by surgeon 22 at key 
locations in the patient's bone. 



Additionally or alternatively, position sensors or markers maybe fixed to implants, such 
30 as a prosthetic joint or intramedullacy insert, in order to permit the position of the implant 
to be monitored^ as well. For example, the use of such position sensors in a hip implant is 
shown U.S. Patent Application 10/029,473. 
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Field g^erator coils 32 are driven by driver ciicniis 34 to geaetate electtomagEietic fields 
atdiBT^iieatiiespectivesetsof firequrades {ciij^ {io^} and {ca,} . TypicaUy, the sefs 
comprise fiequ^icies in the apim>xnnate tange of 300 Hz - 30 kHz, although higher and 
lower fiequencies may also be Tised. The sets of ftequenciesat wlndiitbecoiLsia^ 
5 set by a campati^ 36, which serves as the system controller for system 20. The respective 
sets of fiequencies may all include Ihe same firequeticies, tfaicy may include difCetent 
fi-equencies. Jh any case, con^uter 36 controls circuits 34 according to a known 
multiplexing pattern, wMch provides that at any point in tune^ no more than one field 
g^emtor cofl is radiating at any given frequency. Typically, each driver circuit is 
10 controlled to scan cyclically over time through liie frequencies in its respective seL- 
Altemativelyj, each driver circuit may drive the re;^pective coil 32 to radiate at multiple 
frequencies simultaneously. 



For the puiposes of tracking system 3, coils 32 may be arranged in any convenient 
15 position aad orientation, so long as they are fixed, in respect to some refcieace finamo^ and 
so long as they are non-overlapping, that is, there are no two field generator coils with the 
exact, identical location and orientatton. Typically^ fi>r surgical iqpplicationjs such as that 
shown in the figures^ coils 32 comprise wound annular coils about 15-20 cm in outer 
diameter (O.D.) and about 1-2 cm thick^ in a triangular anangeoioat^ \^^in die centers 
20 of the coils are about 80-100 cm apart. The coil axes may be paraUel, as shown in fliis 
figure, or they noay alternatively be inclined, as shown, for example, in Figures I4A and 
14B. Bar-shaped transmitters or eveatx triangular or sqaare-sha|ied coils could also be 
useful for such applications. 

25 In orthopaedic and oiher surgical plications, it is desirable that coils 32 be positicmed 
away from the surgical fields so as not to intraifere with the surgeon's freedom of 
movement: On the otfa^ band, the coils should be positioned so that the working vohime 
of the tracking system includes the entire area in which the surgeon is opemting. At the 
same time, the locations and orientations of coils 32 should be known relative to a given 

30 reference fi»me in order lo permit the coordinates of tool 28 and implantable marker 30 to 
be determined in that reference frame. 
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In order to meet these poteatially-conflieting jeqaiieoaieiils^ coils 32 are momited on a 
refermce istructuie 40. ia the embodxaieot of Figure 9, structure 40 comprises multiple 
arms 42» which are fixed to an articulated base 44. Alternative reference structures and 
conftguratioBS are shown in the figures that follow. Anns 42 hold coils 32 in known 
5 relative positions. Base 44» however, is enable of tilting, turning and changing the 
elevations of arms 42^ so as to enable surgeon 22 to position coils 32 in convenient 
locations. The movement of base 44 may be conttoUed by computer 36, so that the 
computer i^also aware of the actual locations of coils 32. r 

ID Altenoatively or additionally^ an image Tegistcation procednze may be used to calibrate the 
positions of coils 32 relative to patient 26. An exemplary regisiratiun procedure, based on 
X-ray imaging, is desraibed in U.S. Patent 6>3 14310 whose disclosure is incorporated 
herein by reference. Further alternatively or ad£tionally^ a reference sensor, fixed to 
patient 26 or to the operating table in a known location^ may be used for calibration. The 

15 USB of reference sensors fi>r this purpose is described. Bar cxmaple, in U.S. Patent 
5391,199. 

The position sensors in inrplai^ble marker 30 and tool 28 typically comprise seaosor coils^ 
in which electrical currents are induced to flow in response to the magnetic fields 

20 produced by field generator coils 32. An exemplary arrangement of the sensor coils is 
shown in Figure llAbelow. The sensor coils nmy be wound on either air cores or cores 
of magnetic material. Typical^, each position sensor coniprises three sensor coils, having 
mutually orthogonal axes, one of which is conveniently aligned with the longitudinal axis 
of tool 28 or of the screw housing. The three coils may be concentrically wound on a 

25 single core, or altemativelys the coils may be non-concentrically wound on separate cores, 
and spaced along the longitudinal axis of the tCK>l or screw housing: Theuseofnon- 
concentrtc coils is described^ for exarnple, in Ihe above-mentioned PCT Patent 
Publication WO 96/(^768 and in the corresponding U.S. Patent Application 09/414^875. 
Altemativeiy, the position sensors may each comprise only a single sensor coil or two 

30 sensor coils. Further alternatively, screw housing and tool 28 may include magnetic 

position sensors based on sensing elements of ofhsr types known in the art, such as Ball 
effect sensors. 
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At any instant in time» the currents induced in the sensox coils compiisc components at the 
specific frequencies in sets (0)1}, {o>2} and {u^} genc»Bted by field g^eiatoor coils 32. 
The respective amplitudes of these cunents (or altemativcly, of time-vacying voltages that 
may he measured acfoss tfae sensor coils) are dependent on the location and orientation of 
5 the position sensor relative to the locations and orientations of the field generator ooils« In 
response to the induced cuxrents or voltages, signal piocessii^ and transmitter circuits in 
each position sensor g^raate and transmit sigdals lhat are indicative of the location and 
orientation of the sensor. rEJtiese signals are received fay a receiving antenna (sho^» for 
example, in Figure 14AX wMcti is coixpled to cQnq>uter 36. llic computer processes the 
10 received signals, toge^hfir with a representation of the signals used to drive field generator 
coils 32, in ordv to calculate location and orienf a tign coordinafes of inq>lantable marker 
30 and tool 28. The coordinates are nsed by tfie computer in driving display 12^ which 
shows the relative locations and orientations of the tool^ screw and other elcmeots (such 
ajs prosthetic implants) to which markers or position sensors have be^ fixed* 

15 

Circuitry 78 also stores a unique identifier for marker 70 and the unique identifier is also 
transmitted to tfae tracking system^ so that the tracking system can detecmine the identity 
of the marker from which positional data is being received. Hence Ihe tracking systmi 
can discriminate between diflgBrent matka:s when multiple markets are present in the 
20 working volume of the tracking system. 

Atihongh in Figure 9^ system, 20 is shown as conq>zising three field generator coils 32;, in 
other embodiments of the ]nesent invention, different nnmbens^ types and configurations 
of field generators and sensors may used A fixed fiame of reference may be established^ 

25 for example^ using only two non-overlsqpping field generator coils to generate 

distinguishable magnetic fields. Two ncn-parailel smsor coils may be used to measure 
the magnetic field flux due to the field gen^tor coils> in order to determine six location 
and orientation coordinates (X, Z directions and pitch, yaw and roll orientations) of the 
sensor. Using three field generator coils and three sensor coils^ however, tends to 

30 improve the accuracy and reliability of the position measurement. 
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Alteraalively, if only a smgle sensor coil is used, compFUter 36 can still deteraiine five 
position and orientatton cooidinates (X, Y, Z directiora and pitch and yaw crieirtations). 
Specific features and fimctions of a single cofl system (also xefCTred to as a single axis 
system) are described in U.S. Patent 6,484,11 8, whose disclosure is incotporated herein 
5 hy lefeience. 

When a metal or other magnetically-respansive article is brought into the vicinity of an 
object being tracke4 such as implantable maiker 30 or tool 28, ihe magnetic fields in this 
vicinity are distorted. In the surgical environment shown in Figure 9, for example, there 
10 can be a substantial amount of conductive and praneable material^ including basic and 
ancillary 6quq>ment (operating tables, carts, movable lamps, etc.), as well as invasive 
surgery apparatus (scalpels^ scissors, etc., including tool 28 itself ). The magnetic fields 
produced by field generator coils 32 may generate eddy cum^ in such articles, and the 
eiWycinrenla then cause a parasitic magnetic field to be radial Such parasitic fields 
1 5 and other types of distortion can lead to errors in deteonining the positimi of the object 
being tracked. 

Jn order to alleviate this problem^ tbe ekanents of tracking system 3 and other articles 
used in liie vidnity of the tracking system are typically made of non-metallic materials 

20 vrtien possible, or of metalHc materials with low permeability and conductivity. For 
example, refer^ce structure 40 may be constructed using plastic or non-magnetic 
composite materials, as may other articles in this vicinity, such as the chelating table. In 
addition, computer 36 majrbe programmed to detect and compensate for the effects of 
metal objects in the vicinity of the surgical site. Exemplarymethods for such detection 

25 and compensation are described in U.S, Patents 6,147,480 and 6,373^, as weU as in 
U.S. Patent Applications 10/448,289, filedMay 29, 2003 and 10/632,217, filed July 31, 
2003, all of whose disclosures are incorporated herein by reference- 

Figure lOA is a schematic, sectional illustration showing implantaticMi of ifaplaixtable 
30 matker 30 into a bone 50» such as the femur of patimt 26, in accordance with an 

embodiiiient of ihe present invention. To insert Hub embodiment of the in^Iantable 
macker 30. smgeon 22 can make an incision throu^ overlying soft tissue 52, aiMi ttira 
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rotates the screw into bone 50 vising tool 28, for example. Note &at in this ^bodimen^ 
implwtable maiker 30 has no wired connection to elements outside the body. Fmfiier, the 
sesisor or matter within tiie housing is actually located within the bone of the patioit and 
is not merely attached to the bone by a support structure. TypicaUy, iiiq>]antable maiker 
5 30 is between 5 and 15 mm lon& and is about2-4 mm in diameter. To avoid interfering 
with location and transmission of signals by the soisor that it contains, screw housing 
typically comprises anon-magnetic material, which may coaraprise metals, alloys, 
cecamioBi plastics or a combination of such materials. The configuration and operation of 
the cijxauts in mqilantable marker 30 are described heasmbelow with lefeietice to Figures 
10 llAandllB. 



Fig, 1 OB is a schematic, sectiorKd illustration showing anotfara^ implantable marker or 
position sensor device 54, in accordance with an alternative «nhnHii^>^t of the present 
invention. Device 54 comprises a marker in a screw housing which is coupled by wires 

15 58 to an external unit 60. The screw housiog and nxuker are inserted mto bone 50 in 

substantially ihe same manner as is iiiq>lantable madcer 30 Oeaviiig wires 58 to pass out of 
the patient's body ihnn^ soft tissue 52). hi this case, however, because some elements 
of maiker device 54 are contained in ejcteanal unit «0, the hnplantable maiker part 56 may 
generaUy be made smallertiian implantable marker 30. For exmnple, screw 56 may be 

20 between 5 and 10 mm long, and 2 and 4 mm in diameter. Again, the position sensitive 
part of the marker » actually located within the bone and not merely connected to the 
bone by a support The reduced housing size is helpful m reducing tranma and possible 
damage to tone 50. Furdier details of device 54 are shown in Fig. 12. 



25 Fig. 1 lA is a schematic, pictorial illustration of a marter or wireless position sensor 70 
tiiat is contained in screw housing to provide die implantable marker 30, in acnnxiance 
With an embodiment of the present invention. Sensor 70 in this embodiment comprises 
three sets of coils: sensor coils 72, power coils 74, and a communication eml 76. 
Altjematively, the iimctions of the power and communication coils may be comhhied, as 
30 described in the above-mentioned U.S. Patent Application 10/029,473. Coils 72, 74 and 
76 are coupled to electronic prooessmg circuitiy 78, which is mounted on a suitable 
substrate 80, such as a flexible printed circuit boaid (PCB). Detafls of the construction 
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and operatioii of ckciritcy 78 are described in U.S. Patent Application 10/029,473 and in 
the above-mentioned Patent Application 1 0/706^98, which axe incoiporated herein 
by le&arence. 

5 Although for simplicity, Figure 1 1 A shows only a single sensor coil 72 and a single power 
coil 74> in practice sensor 70 typically compnses mnltqple coils of each type, such as three 
sensor coils and three power coils. The srasoor coils are wound together;, in nmtaally- 
ortbogonal directions, on a sensor core 82, whfle the power coils aze wound together, in 
mutuaUy-orthogonal directions, on a power core 84, Typically, each of the three power 

10 coils comprises about 30-40 turns of wire having a diameter of at least about 40 p.m, 
while power core 84 is a fenite cube of about 1.5-2 mm on a side. Each of the three 
sensor coils typically comprises between about 700 and 3000 turns of 1 1 |im diameter 
wire, while sensor core 82 is a ferrite cube of about 1.8-2.4 on a side. (It will be 
understood that these dimensions are gi vcti by way of example, and the dimensions may 

15 in practice vary over a considerable range.) Alternatively, the scaisor and power coils may 
be overl^ed on the same cor^ as described, for example in U.S. Patent Application 
10/754,75 1 , filed January 9, 2004, whose disclosure is incorporated herein by lefsence. 
It is genially draiiable to separate ihe cofls one ftom another by means of a dielectric 
layer (or by interleaving the power and sensor coils when a comman core is used for both) 

20 in order to reduce parasitic capacitance between tt» coils. 

In operation, power coils 74 serve as a power source for sensor 70. The power coils 
receive energy by inductive coupling from an external driving antenna (shown, for 
example, in Fig. 14A). Typically, the driving antenna xadiates an intense electromagnetic 

25 field at a relatively higjh radio frequency (RF), such as in the range of 1 3 .5 MHz. The 
driving field causes currents to flow in coils 74, which are rectified in onier to power 
circuitry 78. Meanwhile field generator coils 32 (Fig. 9) induce time-vaiying sij^al 
voltages to develop acsxm^ sensor coils 72, as described above. Circuitry 78 senses ttie 
signal voltages, and generates on^nit signals in response thereto. The ou^t signals may 

30 be either analog or digital in form. Circuitry 78 drives communication coil 76 to transmit 
the output signals to a receiving antenna (also shown in Fig. 14A) outside the patient's 
body- Typically, the output signals are transmitted at still higher radio frequencies, such 
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as fiequeaades in the rage of 43 MHz or 915 MHz, using a flequency-modulation sd 
for example. Additionally or alternatively, coil 76 may be used to recedve control signals, 
such as a clock signal, ftom a transmitting aniama (not shown) outside the patienf s body. 
Although certain fiequeacy ranges ace cited above by way of example, those skilled in Ihe 
5 art will qjpreraatc that other fiequeocyrangiesma^ 

{Do we have additional information that we can provide regarding the dlmendons, 
materials, and other properties of the coils^n the above sensor? Bdow is an example 
(using non-conc«ifiic colls) that I have taken fk-om an earUer application. Please 
10 cbei^ it for c(Mrrectnn».) 



In another embodimenl; not shovra in ihe figures, sensor coils 72 are non-concentric, hi 
this embodiment, each of the sensor coils typically has an inno: diameter of about 0.5-1.3 
mm and comprises about 2000-3000 huns of 1 1 nm diameter wire, grvmg an oveiaU coil 
diameter of 9 mui. The effective capture area of the coil is Uiea about 400 mm^. will be 
imderstood that these dimCTslons are given by way of exaniplo only ai^ (he actual 
dimensions may vary qv& a considoable range, hi particular, the si25e of tiie sensor coils 
can be as small as 0^ nun (wifli some loss of sensitivtty) or as large as 2 mm or more. 
The wire size of the sensc»: coils can range fixwn 10-31 ym, and the number of turns 
between 300 and more than 3000, defiending on the maximum allowable size and the wire 
diameter. The efifeotive capture area of the sensor coils is typically made as large as 
feasible, consistent with the overall size requireoieaits. The sensor coils are typically 
cylindrical, but other shapes can also be used. For example, bartid-shaped or square coils 
may be useful, depending on the geometry of the screw housing. 



15 



20 



25 



Fig. 1 IB is a schematic, pictorial illustration of a marker or wireless position sensor 90, in 
accordance witti another embodhnent of the preseaot mvention. Sens(Dr 90 difEers flom 
sensor 70, m Umt sensor 90 comprises a Ixatteiy 92 as its power somce, mstead of power 
coils 74. hi other reafpects, the operation of sensor 90 is subatantially similar to that of 
30 sensor 70, as described above. Use of batteay has die advantages of supplying higher 
operating power to circuitcy 78, while avoiding the need to irradiate patient 26 with an 
mtraisc electromagnetic jSeld in order to provide mductive RF power to the sensor. On the 



|0097247 lO-Mar-OA OSl^ 



10/03 2004 17:59 FAX 



DDL LEEDS 



-* UK PATENT OFFICE @| 054/061 



43 

other hand, iacorpojating battery 92 in sensor 90 typically incieases the length of Ihe 
sensor, by conxpanson to sensor 70, and thearefoie may require llie use of alonger screw 
housing to contain the sensw. In addition^ die operating lifetime of sensor 70 is 
effectively unlimited^ while that of sensor 90 is limited by the lifetime of battexy 92. 
S Sensor 90 is particularly suited for maddhg tools or instruments as the nnark^ is available 
for replacement of tlie battery as leqpiiied. 

Fig. 12 is a schematic^ pictorial iUusfiration showing details of device S4, in accordance 
with an embodiment of the present invention. The external features of device 54 and its 
implantation in bone 50 were described above with reference to Fig. lOB. Device 54 
comprises an internal marker or sensingunit 94, which is contained in a housing bearing a 
screw thread (not shown) to provide the implantable marker part 56. Typically, seoasing 
unit 94 contains only sensor coils 72, and possibly elements of circuitry 73. This 
arrangement allows the size of tlie housing and hence the implantable marker to be 
minimized, BKtemal unit 60 l^icaliy contains abattery 96 and circuit elements 98, 
which comprise some or all of circuitry 78j as well as comniumcation coil 76. The battery 
may fluis be replaced wh^ necessary, without removing xnaikj^ 56 from the bone. Qn 
the oth^ hatid» whereas seiiKSQrs 70 and 90 are CQntained completely enclosed within their 
housing, and fims leave no elements protruding outside the patient^s body, device 54 can 
qpeiate only when external unit 60 is connected outside the body to wires 58 that 
conxmudicate widi sensing unit 94. 

Fig. 13 is a schematic, pictorial illustration showing details of a marked tool or instrumCTt 
28, in accordance with an embodiment of the present invention. Tool 28 c(»tnprises a 
25 handle 100 and a shaft 102. A tool marfcear or sensor 104 fits snugjy into a suitable 

receptacle inside handle 100. Sensor 104 comprises sensing and communication circuits 
106, which are powered by a battery 108. Typically, circuits 106 comprise three sensing ' 
coils, a communication coij and jpErocessing circuitry, as in sensor 90 (Fifr 1 IB). The 
sensing coils are similar to coils 72, and sense the location and orientation of sensor 104 
30 relative to die magnetic fields gencarated by field generator coils 32 (Fig. 9). The 

cpimmitilcation coil conveys position signals to computeET 36. The operation of circuits 
106 is tluis similar to that of the circuits in sensors 70 and 90, although elements of 
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circuits 106 may be made larger axid coiisume greater power than the oonesponding 
elements in sensors 70 aad 90. 

« 

Tool maiker or soasor 104 may be permanently housed inside tool 28» or the sensor may 
S alternatively be removable (to replace batt^ Beoapdse the giecnnetzy of 

tool 28 is laiown» the location and oriCTtatioa of handle 100, as indicated by sensor 104, 
indicates precisely the location and orientation of die distal tip of shaft 102. Alt^nativety, 
thetool sensor be miciatorizcd and m^^ 102. 
OptionaIIjr» the tool sensor maybe calibrated before use in order to enfa lancB the precision 
10 with which the shaft position is m^sured 

Fig3< 14A and 14B are sdiematio, pictorial iUustrations showing insertion of a location 
pad 110 into an opening in an operatmg table 1 12, in accordance with an embodiment of 
the present invention. Table 1 12, and other tables described below, are particular 
15 embodiments of the table 2 of the operating room. Fad 110 may be used as the reference 
stmctujc in syst^ 20 (Fig. 9), in place of structure 40. Pad 1 10 comprises an integral 
unit, which holds three field generator coils 32 in fixed positions. The field generator 
coils in this case are angled diagonally inward. In Fig. 14A pad 110 is shown prior to 
insertion into the table, while in Fig. 14B the pad has been slid into place. 

20 

Location pad 1 1 0 is also seen in Fig. 14A to coinprise an optional power coil 1 14 and a 
communication coil 116. Power coil 1 14 is coupled by wires (not shown) to driver 
circuits 34, and generates an electromagnetic field to provide power inductively to power 
coita 74 in sensor 70 (Fig. IIA), as described above. (When a battc»ry-pow^d sensor is 
25 used, the power coil is not required.) Communication coil 1 16 receives signals 

transmitted by communication cofl 76 in sensors that are implanted in the patient^ s body» 
as weU as fiom tool sensor 104. 0>mmunicatioa coil 1 16 may also boused to transmit 
contFol signals^ such as a clock signal, to the implanted sfflsors and tool sensor. 

30 Communication coil 1 1 6 is coupled by wires (not shown) to computer 36, The computer 
processes the signals received firom oommnnication coil 1 16 in order to determine the 
locations and orientations of die sensors. Coils 114 and 116 may be printed on the surface 



0097247 10-Mar-04 05:03 



10/03 2004 



18:00 FAX 



HDL LEEDS 



-> UK PATENT OFFICE ©056/061 



45 

ofpad 110, as shown in Fig. 3 4A, or they may alternatively canqim^ 
or wire- wound coils contained inside pad 110. 



Fig. 14B schematically shows a wozMng volume 118 created by field generator coils 32 
S when driven by driver circuits 34. iniie sur^e of Ihe \ivoxldiig volume te^ 
• limit of the region m which liacIdDg s]^^ 

within a certain accuracy* The required accuracy is detemined by functional 
considerations, such as the degree of positioning ptecision lequired by surgeon 22 in 
perfomiing the surgical prroceduxe at hand, l^pically, die outer surface of working 
10 volume 118 represents the limit in space at which tracking accuracy drops to the range of 
1-2 mm. Tilting the fidld generator coil^ as shown in Figs. 14A and 14B, typically lowers 
the centroid of the workmg vdlume. Because pad 1 10 is rigid, it cannot be ra^ed and 
loweied oar tilted, as can structure 40 in Fig. 1. Fad 110 may, however^ be slid in and out 
of table 1 12 in order to shift the position of woiking volume 118 along the table, so that 
15 the working volume intercepts bone or portion of flie bone on which the surgeon in to 
operate. 



Fig. 15 is a schematic^ pictorial illustration showing how reference structure 40 may be 
adjusted for use in surgery on a knee 120 of patient 26, in accordance with an embodiment 
20 of the present invention. The patient lies on an operating table 122, which &lds as shown 
. in the picture to give the sutgieon convenient access to the patient's knee joint Base 44 of 
stmcture 40 tilts accordu^y, so that die woifcmg volume of field generator coils 32 
encompasses the area of knee 120, while still peimitting the surgeon unimpeded access to 
the area. 

25 

Fig- 16 is a sdiematic, pictorial illustration showing a ref«»ence structure 130 for 
sufiporting field gen^ator coils 32, in accordance with another embodiment of the present 
invaition. Structure 130 comprises arms 132, which hold coils 32. The arms are fixed to 
an articulated boom 134, which permits the height and angle of the field genciatar coils to 
30 be adjusted relative to the positicstt of the patient on an opemting table 136, Boom 134 

may be carried by a wheeled cart 138, so that stmctuie 130 can be positioned at eifher side 
of table 136 or at the foot or head of the table. Cart 138 may also contain computer 36 
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and/or driver dxcuits 34. To reduce clutter over operating table 136, structure 1 30 may be 
integrated wi& the overhead surgical lamp 140, as shown in Ifae figure. In this 
configuration^ lamp 140 illuminates the area of the working volume of coils 32. An 
additional suspended lamp 142 is shown for completeness. Either of lamps 140, 142 may 
5 correspond to lamp 6 of the operating room system. 

Fig. 17 is a schematic, pictorial illustiation showing a reference structure 150 supportiag 
field ^[aerator coils 32» in accs^ordance with yet another^mbodiment of the present 
invention. Structure ISO comprises an articulated boom 154, which holds amis 152 to 
10 which <»>ils 32 arc attached. In this embodiment, structuce 1 SO is tilted and positioned 
over the area of die patimt^s knees, to provide fimctionality similar to that shown in Fig. 
15. 

Fig3. 1 8 A and 18B axe schematic, pictorial illustradcms showing another ttfccenco 
15 structure 160^ in accordance with a fprflier mibodiment of fbe ptesent invention. 

Structure 160 comprises a semicircular holder 162 for field generator coils 32^ which is 
mounted on abase 164. Whereas the reference structures in the embodiments shown 
above are configqred to position coils 32 in a plane that is roughly parallel to the long axis 
of the bone to be operated upon (such as the femur or the fibula), the plane of structure 
20 160 is roughly perpendicular to this axis. Typically, for proper positioning of the working 
volmne, structure 160 is placed so tiiat the bone axis passes thrDUgh die circle defined by 
die positions of coils 32, Le^ so that holder 162 partly sinxoimds the bone axis. 

Structure 160 may be mounted on a can 166 with wheels, enabling it to be positioned 
25 either at the foot (Fig. ISA) or head (Fig, 18B) of table 122. An adjustmrat slot 167 or 
other mecfaaaism in base 164 permits holder 162 to rotate about the patimt. A hinge 
permits base 164 to tilt, while telescopic legs 170 permit die entire structaxe to be raised 
or lowered. Structure 160 may thus be positioned flexibly, at the convenience of the 
surgeon, depending on the type of procedure that is to be carried out The configuration 
30 of Fig. 18A, for example, may be convenient for hip surgery, white that of Fig. 1 SB is 
canvenient for knee surgery. 
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Fig. 19 is a schetziatic. pictorial illustration showing a magnetic trac^g system 180 for 
use in suigeacy^ in accordance with stiU another embodiment of tbe preset invention. In 
this embodiment^ the tcacking system is integrated into an operating table 182. A 
lefei^eoce stnictuie 184 is fixed to the underside of table 182 by an articulated mount that 
3 pemiits structure 184 to be rotated, tilted, raised axid lowered, so as to position field 
geneiatOT coils 32 as requited fi>r die surgical procedure in question. A telescopic base 
1 86 of table 182 contains driver circuits 34 and computer 36, Positions and orientations 
of position sensors, inq[>]ants» tools in plamnng and IGS software application GUb are 
shown on display 12, which is likewise integrated with table 182. System 180 thus 
1 D permits the surgeon to opecato wilfa only minimal added encumbrance due to the use of 
magnetic position tracking. 

Although the embodiments described hereinabove relate specifically to tracking systems 
that use ttme^vaiying magnetic fields, the principles of the present inv^otion may also be 
applied, mutatis mutandis, in other sorts of tracking systems, such as ultrasonic tracking 
systems and tracking systems based on DC magnetic fields. 

As Ufaistrated in Figs. 1 1 A and 1 1B» the marker 70 is hermetically sealed by encapsulation 
in a sealant or encapsulant material 71. Preferably the sealant provides any, some or all of 
the following shielding properties: mechanical shock isolation; electromagnetic isolation: 
biocompatiblili^ shielding. The sealant can also help to bond the electrcmic compments 
of the maiker together. Suitable seatents, or encapsulanfs, include USP Class 6 cpaxies, 
such as that sold under the trade name Parylene. Other suitable sealants include epoxy 
resins, siUcon rabbers and polyureChane glues. The maricer can be encapsulated by 
dipping the marker in die sealant in a liquid state and tbm leaving the sealant to set or 
cure. 

With refeieacB to Figures 20A to 20B there is shown a housing part 200 of a further 
embodiment of an implantable marker part of the present invention* Housing 200 has a 
30 g^oerally right cylindrical body portion 202 with a distal end 204 and a pmximal end 206. 
The housing 200 has a cavity 208 defined therein for receiving an encapsulated marker 70 
to provide an implantable marker. This embodiment of the implantable marker is 
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percutaneously implantable. The iiiq)Iantable marker can be implanted in a patient's bone 
by injection through the stdn of the patient, without requiring a preliminary incision. 

The distal end 204 has a generally tapered shape and includes a tip 210 for self-locating 
5 the implantable mariner in a hole in a bone in use as will be described in gieater detail 
below. 

The pTOximat end 206 of^ housing has a substantially squace shaped focmatian 212 
which provides a connector for releasablyesigaging with an insertion tool as will be 
10 described in greater detail below. Tbejiroxiinal end 206 has a bore 214 passing there 
throu^ for receiving a fliread or suture which can assist in ronoval of die in^ilantable 
majk^ as will also be described in greater detail below. It will be appreciated that the 
connector formation 212 can have other shapes which allow an instrument to be 
releasably connected &ereto so as to impart rotationaL drive to the implantable marker. 

15 

For example the connector can have any polygonal sh^pe, such as triangular or star 
shaped, and can also have a curve shape, such as an oval or elliptical shape, in alternate 
embodiments, the connector can also be in the fomi of a slot, rib or bp for engaging with a 
matching connector formation on the end of insertion tool. As illustrated in Figure 20A, 
20 the comexs of the connector formation 1 12 are preferably chamfered in order to jbcilitate 
engagement of the connector and insertion tool. 

The self-locating tip 210 can be provided as an integral part of housing 200 or can be 
provided as a separate part which is subscciuently attached to housing 200. For example 

2S t^ 210 can be moulded on to the distal md 214 of housing 200, mechanicaUy fixed 

thereto or attached using an adhesive or any other suitable techniques^ d^Tending on the 
materials of tihe tip 210 and distal end 204 of homing 200. Tip 210 can be made of a 
resorbable material so tiiat Ac dp is resorbed into the bone of a patient over time. In one 
embodiment, the resorbable material is polylactic acid although other resoifoable mat^als 

30 can be used. Ih some embodiments, the tip can be made of a biodegradable material. 
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Housmg 200 has an outer sui&ce 216. A screw thread 218 is provided on the outer 
sur&ce and extends along substantial^ the satire length of die housing body. Screw 
thread 218 tDieracts with surrounding bone in use to anchor the implantable marker in the 
bone material so as to retain die implantable marker securely in place when implanted. 

5 

Jh one embodiment, the profile of the duread is selected so as to be not too sharp and not 
too blunt. It has been fonnd that too sharp a thread profile, whUe providing a good cutting 
action, into the bone, can cause the bone to letceat fiom the thread flieceby reducing the 
retention of die irnplant in the bone. A bhmter thread profile does not provide as good a 

10 cutting action as a sharper profile^ but provides improved retention of the implant in the 
bone» as the siurounding bone has a reduced tendency to resorb firom the more rounded 
thread. As best illustrated in Figures 20B and 20C, which show cross sections along the 
longitudinal axis of the housing 200^ the cross sectional shape or profile of the thread has 
a rounded oor flattened sp&x. and can be considered to have a generally rounded trap^oidai 

1 5 cross section. In one embodimrait, the radius of curvature where the tbread joins the body 
can be of order 100 (insu Isx one embodiment, the thread profile can vary along the length 
of the body. The thiead can have a stuouper profile toward the distal end of the housing so 
as to provide a good initial cutting action. The thread profile towards the proximal end of 
the housing can have a more founded, fiad)^ profile, so as to provide abetto- anchoring 

20 mfichanism. The thread profile can vazy contimiously along the longitudinal 

housing or alternatively, can vary discretely and multtple different thread profiles can be 
provided in order to balance the requirments of a good cutting action and good anchoring 
and xetendoQ of dxe implantable nuoker. 

25 The housing 200 can be made of a variety of materials and can be constructed in a variety 
of ways. In one embodiment, the housing is made of an X-ray opaque materia] so that the 
implantable marker wUI be easfly identifiable in X-ray images. It is also preferred if the 
material of the housing is easily visualisable in CT and/or MRI scan images. The housing 
can be made of ceramic materials,, e.g. zirconium^ alumina or quartz. The housing can be 
30 made of metals, e.g. titanium and other bio-compatible metals. The housing can be made 
of alloys, e-g. Ti^l^V. The housing can be made of plastics materials, e.g. iq)oxy resins> 

PEEECSy polyurethanes and similar. Also^ the housing can be made of combinations of the 

« 
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above materials and the housing can be made of componeat parts made of difiereot types 
of mat^scialsy selected £rom the above mentianed matmals at least The oonipaaetit parts 
caa be joined together using any suitable technique, such as brazuig, welding or by using 
suitable glues or adhesives. 

5 

In one prefened constructiofa, the housing is asseanbled from three el t gi i e nts » in which the 
^ dis^ end 204 is in the form of a titanimn a portion of the body 202 is in the fbmi of 
a titaiuum coUar and ttie pgnmmal end 206 is in th^ The 
titanium collar is joined to the ceramic proximal end portion by brazing, Uxo encapsulated 
1 0 marker is inserted within the bod^ and finaUy the distal ^d cap is assembled over the end 
of the marker and laser welded to the titanium collar. The w&xker is positioned with the 
RF power antenna toward Ihe proximal end and llie sensor coils toward the distal end of 
the housing. 

IS in another embodiment, the housing is made from two cetamio parts which are thc^ laser 
welded together along ajoint extending alocng the longitudinal axis o In 
other embodiments, the housing can be pcovided by moulding die housing around the 
encapsulated marker for exsniple by moulding a plastics material around the marker. The 
internal shape of the mould can be used to define the outer shape of the housing. 
20 Alternatively^ tiie outer shape of the housing can be defined by subsequently Tnaghimng 
the mat^ial moulded around die maiken 

Housing 200 wholly encloses the marker and fiirther heraaetically seals Ae encapsulated 
marki^. It is preferred if a small vohrnie, e.g. approximately Imm^ of air is provided as 
25 fiee space in Ihe hemietically sealed housing so as to allow for expansion owing to 
diangjBS in temperature. It is also preferred to include a small amount, e.g. Innni^ of 
hygroscopic material to absorb moisture fiom the intesnal atmosphere of tiie housing. 
Suitable matmals include MgS and silica geL 

30 The housing can have a length in the range of ^^proximately 10 to 1 6 xtnn and a diameter 
in the range of approximately 3 to 6mm. In one embodiment the housing 200 (without tip 
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210) has a length of appEDximately 14niin and an ovtsr diamBt^ of s^proxunately 3.6]xun 
(4.5inni fiom the thread tips}. 

In the embodimeat illustrated in Figures 20A to 20B, the thread 218 provides a bone 
5 anchor* Tlie bone anchor can be provided by other mechanisins. The bone anchor can be 
pnividedby other fiinnatiom on the sur&ce of the housing The bone anchor can also be 
provided by the surface of the housing and/or the surface of any formations on the 
housing by suitably hpeatins or otherwise configuring the surface of the housing so as to 
promote bone on growth on to the ouUar sur&ce and/or formations of the housing. 
10 Examples of bone anchor fonnatians» include screw threads^ barbs^ ridges, rtbs and other 
lacge scale fonnations which can be provided on the outer sur&ce of the housing. 

In other embodiments^ a rough outer surface can provide a bone anchor and a lou^ outer 
sur&ce can be realised by using a mould having a rau^ened innor sur&ce so that the 
IS outer sux&ceoftfaenioulded housing is toughened. In other embodiments^ the surfiace 
finish of the housiiig can be used to provide a bone anchor e.g. by blasting the sur&ce 
wilh titanium to provide approximately 12 micron loi^ghness. The material with which 
the surface of the housing is blasted can vary and is typically die same material as the 
material of which the housing ia made. For example a ceramics housing can be blasted 
20 with ceramics materials to provide enhanced roug^ess to promote or otherwise &oilitate 
bone on growth. 

In another embodiment^ the surface of the housing can be treated to promote bone on 
growdi by sintraiDg small baUs or particles of materia] on to the outer suiface of the 

25 housing. For example^ balls of approxirnately 250 inicFon diameter metd particles can 
sintered to the outer suc&ce of tiie housing. Such a surfice coating is jxro vided imdsr the 
trade name Porocoat by DePuy International Limited of Leeds, the United Kingdom. In 
other embodiments^, a mesh can be provided on the outer surface of the housing to 
promote bone on growth. In other embodiments^ a hydroxy apatite coatirig can be 

30 provided on the outer surface of the housing. Other forms of coating can also be provided 
so as to promote or otherwise facilitate bone on growth. 
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A further enibodnnent of the macfcer includes a transducer or oflier sensor for detecting a 
property in the re^on or area axxomd where the marker has been implanted. Transducer or 
sensor generates an electrical signal representative of the local property of the body and 
the signal is proc^sed by ciicuitzy 78 for transmission back ta the tracking system using 
5 antenna 76. In other endjodiments, the signal fiiom the transducer can 

to the tracking system using a wire line system^ e.^. a electrical conductor or optical 
conductor, such as a fibre optic cable. . 

• •• 

The transducer or sensor can be of many iypes^ deprading on the property to be measured. 

1 0 For example the body transducer 380 can be a pressure transducer^ a stress transduoer» a 
t«iiperature sensor^ which provides a measure of the local ten^eratore, a biological 
activity sensor^ which, provides an indicatLon of a biological activity (e.g. rateoblast 
activity) or a chemical sensor, which provides an indication of a local chemical property 
{ag. pH). Other types of sensors for different kinds of properties can of course be used 

15 also. • 

The marker can be wholly encapsulated by encapsidant materia} and/or a housing, or 
^ertores maybe provided in the enc^sulant and/or housing in s^propriate places to 
allow any sensor or detector parts of the trans<iiicer to have access to the local region of 
20 die body that it is intended to measure. 

r I 

With reference to Figure 21 there is shown a schematic crass section of a further 
embodiment of an inqplantable ma^r 230» In this further 6mbodimeiit> the implantable 
maiker comprises racapsulated marker 70 and housing 232. Encapsulated marker 70 is 
25 secured witltin a cavity 234 defined by a body part 236 of housing 232. A distal end 238 
of the housing 232 is provided in die fomi of a self-coding* bone penetrating tip which is 
sufficimtly sharp to cut through soft tissue and penetrate into bcme. The self-cutting lip 
238 can be in the form of a Trocher or other sharp shape capable of penetrating bone. 

30 The encapsulated marker is not wholly enclosed in this embodiment and a part of the 
marker:, including the power coil and antenna is exposed. Th^ sensor coil part of the 
tnarker is located within the cavity of the housing. This way^ when the implantable 
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maAsT is implantod wittun a bone, Ibe sensmg coils aie located within the bone and 
simounded by bone so ifaat the position indicated by the sensing coils corresponds to a 
positton within fhe bone adjacrat to the snr&ce of the bone* 

5 Inxplantablc maik^r 230 has a bone anchor in the form of a plurality of barbs 240 located 
around the periphery of the housing 232- Each baib is in the form of a rigid m&ob&r 242 
mounted by a pivot 244 to the body of the housing. Pivot 244 includes a spring, or other 
lesilirat biassing device^ which biases the member 242 away from the stowed state 
illustrated in Figure 13 and toward a deployed state as illustrated by dashed lines 246. In 

1 0 the deployed state^ the element 242 acts as a barb which resists movement of the housing 
out of the bone s o as to retain die implaiitable marker within the bone. Bone anchor 240 
can be provided in other foirms. Fotr exanq>le the bone anchor can be provided as a 
continuous part of housing 232» in the form of a leaf spring which is biassed towards the 
deployed state so as to act as a barb. AltematiLvely^ the bone anchor can be in the form of 

IS teeth, serratioams or other barbed fotmatians on the outer soi&ce of housing 232 which are 
permanently in a "deployed" state and which do not have a stowed state. 

The in^lantable marker 230 is particularly suited fixr use in a "push fit" insertion mediod 
as will be briefly described below. 

20 

With reference to Figure 22, there is shown a further embodiment of an implantable 
marker2S0. hr^tlaxitaUe tiiarker 250 has a housing similar to that sl^^ 
to 12B, but the distal end 252 has a tip 2S4bBarii% a self-tapping screw thread 2^ Self- 
tappixig screw thread 256 allows this embodiment of the implantable marker to be used in 
25 a self-1^[iping implantation me^od as will be described briefly below. 

With re&renw to Figure 23, there is shown a flowdiart illustrating an embodiment of a 
method 260 for percutaneously implanting an tmplanlable marker according to an aspect 
of the invention. Figures 24A to 24D show various histnunents and tools suitable for use 
30 in the percutaneous implantation method 260. 
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iostninieait assembly 280 includes a guide imtcumsnt 282 having a housing 284 and an 
elongate guide tube 286 having a guide channel extending along a longitudinal axis 
HiexeafL There is also provided a drill instrument having an elongate body with a circular 
cxos&*section and having a drill bit 288 at a distal end having a sidn XHLercing tip 290 with 
S a lYochear fism. Figure 24A diopcvs the distal end of the driU instnnnent exte^^ 

distal end 292 of guide tube 2S6 in greattt detaiL A drive mechanism 294 is attached to a 
proximal estid of the drill body and includes a powesed drive, e,g. electrical motor, and a 
switch or button 296 operable by a user to impart rotational motiosi, in either direction to 
the body of the drill. 

10 

At step 262, the instrument assembly 280 is pushed through the skin 300 of the patient by 
a user pushing on the instrument assembly in the direction indicated by arrow 302. The 
skin piercing tip 290 of the drill bit penetrates die outer surface of the skin and allows (he 
driU and guide tube 286 to be iriserted through the patienfs sk^ The drill can move in 
15 the guide chamiel relative to tbe guide tube 296 and the guide tube is pushed towards the 
bone imtil the distal end 292 of the guide tube engages widi the outer sui&ce of the bone 
304 of the patient. Hie distal end of the guide tube 292 bears teeth or othi^ serrated 
formations which can be pushed into the bone so as to pliably positicin the guide tube and 
so as to prevent rotation of the gmde tube 286. 

20 

Then at step 264, as illustrated in Figure 24B, a hole is drilled in the hone 304 by the us^ 
operating switch 296. Then at step 266, after a hole has been drilled in liie bone 304, the 
drill is withdrawn along the guide tube until the drill bit is located within housing 284 of 
the guide instrument 282. This configuration of the instrament assembly 280 is illustrated 

25 in Figure 1 6C. Figure 24C shows an enlarged view of housing 284 and the body of drill 
instrument 291 extrading there from. Within housing 284, there is provided a cartridge, 
or magazine, including a pluzaUty of implantable markers 200. The drill instrument is 
removed from the housing 284 and an ad^ter, or connector, is attached over the end of 
the drill bit 288. The ad^ter has an end with a square recess therein for leleasably 

30 engaging with comiector 212 of the inq>]antable marker hous^ With the adapts 
attached over die drill bit, an inseation toolis pro vided. hi alternate embodiment, a 
separate insertion tool is provided corresponding graerally to the drill descxribed, but 
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iBtfier liian having a drill bit at the distal end, a cDZinecCar is provided which can releasably 
eatigage with the ccHinector 212 of the implantable marker housing. In a fiirihcr alternate 
embodiment, aphirality of assemblies of imqplantable mariners and prospective ad^ters 
are provided in housing 284, 

Irrespective of whether a separate insertion tool is provided or whether the adapter and 
drill provide the insertion tool, at step 268, the end of the insertion tool/adapter is engaged 
with a one of the implantable markers in housing 284. Figure 24C shows an enlarged 
view of the distal end of the insertion tool/adapter with the inqplantable marker 200 
teleasably connected thereto. The insertion tool is pushed along the guide diannd of ttie 
guide instrument 282 as indicated by arrow 3 02 and the implantable marker is driven inta - 
the pre-drilled hole by tiieiisarpsressing the button 296, In an altanate ranbiKiunent, the 
implantable madcer can be manuaUy scarewed mto the pieHjrilled hole^ using a tool similar 
to tool 28 described pievimisly. Figure 24D illustrates the implantable marker 200 having 
been percutaneously implanted within a cortical legicm of bone 304. 

At step 272, the instrument assembly is withdrawn fiom the patient* a skin. At 274, the 
user can then perculaneoiisly implant a fiirttier implantable maifcer if required^ in the same 
manner^ as indicated by line 276. For exanq^le, a first implantable marker may be 
20 implanted m the tibia and a second inoplantable madcer may be uirplanted in the femur, so 
as to allow the positions of the tibia and fibula to be tracked during a corr^niter aided 
surgical proceduxe. If it is determined at step 274 that no further implantable mark^ ai© 
required in the padenf s bones, then the method ceases at step 278. 

25 With referaioe to Figure 25, there is shown a method 3 10 for removing an implanted 
in^lantable marker 200 fiom the bone 304 of a patient through the palirats skin 300. 
St^s of the method are iUuatrated in Figures 26A to 26D, As illustrated in Figure 26A, 
flie irr^lantable marker 200 can have a length of suture 330 passing through channel 214 
in the proximal end of the iinplantableinarker housing. The length of suture can be used 

30 to close the point in the skin where the implantation instruments puncture the skin's 

surfece. Stitches 332 in the skin 300 of the patient therefore approximately indicates the 
location of the implantable marker 200 in the bone 304. 
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Method 310 begins at step 312 and initially a user of the method locates tiie i^pioximate 
position of the implantable boaie madcear at stqp 3 14. The stitches are undone 332 and the 
ends of the sutme 33 0 are obtained 

5 As illustrated in Figuie 26B, a set of Cools or instraments similar or the same as those used 
for iniplanting the implantable madcer can be used to remove the implantable marten 
Either an insertion tool or a drill bearing an adapter to provide the insertion tool can be 
used Figuie 26C shows the end of the inser|ion tool or drill bearing an adapter 334. As 
can be seen in Figure 26C, the end of the ins^on tool/adapted drill 334 includes a square 
1 0 cross-section recess 366 baving an aperture 338 in conuninucation with a bore extending 
to a groove or channel 340 in the outer surface of the insertion tooL The fiee ends of 
suture 330 are passed through aperture 338 and out into channel 340 at step 316. 

After the suture 330 has bem engaged with the end of the ins^on tool at step 316» then 
13 at step 318, the insertion tool assembly is pushed through the skin of the patient while 
applying tension to the fiee ends of the suture 330 so as to guide the instnnxKSit assembly 
toward tlie connector 214 on die proximal end of the implantable madcer 200« At step 
320^ the distal end of the insertion tool is attached to the iirq^lantable marker and switch 
296 can be operated so as to uns<arew the unplaiitable ni£^^ The 
20 sutures 330 are kept under tension so as to keep the implantable marker connected to the 
distal end of the insertion tool. In an alternate embodiment, Itae implantable madc^ can 
be removed manually using a tool similar to tool 28 inserted through guide tube 286. At 
step 322, once liie implantable marker has been unscrewed from the bone 304, the 
instrument assembly and inqplantable marker are withdrawn through the patient's skin 
25 300. The user can then detennaine whether there are any further i^ 

rraioved at step 324, and if so, the further implantable markers can be removed using the 
same method, as indicated by line 326. When it has been detemiined tiiat all the 
implantable markers have been percutaneously removed, then at stq> 328, the method of 
r^noval 310 ends. 

30 

The implantable markers described above are Irackable by the tracking system and 
therefore once they have been percutaneously implanted in the pati enl!s bones, the 
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position of the patients bones can be tracked and displayed dmdng a conxputer aided 
surgical ptocedure. It will be appreciated that no invasive surgical ste^s ate reqpiited in 
Older to implant the markers and therefore the implantable markers can be implanted 
before a surgical procedure and so can be carried out as a clinical, or ont-patient 
5 procedure. For escaniple, the implantable madcers can be percntaneously implanted in the 
patient's bones several days or weeks before the surgical procedore. IN other 
embodiments of the method^ the madcers axe percutaneonlsy implanted with the patient in 
the operating room, but before any incision related to the otthopaedic surgical procedure 
has taken place. 

10 

Widi reference to Figure 27 there is shown a flowchart illustrating a computer aided 
surgical procedure 6S0 accordipg to the present invention. The mediod begins at st^ 652 
and at st^ 654, bone markers are percntaneously implanted in tiie bones of ifae patient 
a^yacent the body part cm which the surgical procedure is to be carded out. Fear example, 

t5 if a hip rqplacement operation is to be canded out^ then abone maiker is implanted in the 
pelvis and abone marker is implanted in the femur. Ka knee replacement opemtion is to 
be canied ou:t then a bone marker is implanted in the femur and a bone marker is 
unplanted in the tibia. More dian one bone maiker can be implanted in each bone, if 
a|ypropriate. Percutaneous implantaticm of the bone markers can be carried out as an out 

20 patient procedure and so can be considered a pre-pperathre stqp wMch can be cazri^ 
days c)r weeks in advance or with the patient in the operating lo In other 
embodiments, the implantation of bone madcers is not percutaneous and is earned out in 
the opiQ'attng room via incisions in the patients body. 

25 At 5tq[> 656, any pie-operative imaging of the patient can be carried out, such as CT scan. 
X-ray, ultrasound or X-xay fluorosccipy ima^u^. The patient image data 624 is stoored in 
storage device 14 so as to be accessible subsequentiy. It will be appreciated that in some 
embodunents^ pie-operative imaging 656 is not required and therefore in some 
embodimeutSj step 656 is optional. 

30 

At step 658, the surgeon can carry out pie-operative planning of Che surgical procedure 
using a snxgtcal planning software application. The surgical planning appUcation allows 
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tbe surgeon to delennine fiie appgrapriate size of implant to use and the appropriate 
postfjons and orientations at which to fix the implant in order to provide appropriate 
orthopaedic perfonnance of a paticait. Hie resoHs of the planning are saved as a surgical 
plan &»* subseqpiient use daring the conip^^ hi other 

5 embodimenta^ no pre-operatrve planning is earned out and instead an intta-operative plan 
is cremated and therefore 658, in some embodiments^ is optional. 

All or some of the above steps can be carried out outside the operating room in some 
embodiments. At step 662, the patient is registered with the reference frame of (he 
.10 ordic^aedic operating iXK>m using a suitable registry A variety of different 

registration procedures can be used in order to rc^gister the position of the patient^s body 
parts in the operating room ivith images of the patient's body parts. Various methods for 
tegtstering the patient will be described in greater detail below. After the position of the 
patient has been registered^ then at stqp 666 the stored smgical plan is merged witii the 
IS Ki^stered patient position so that the surgical plan is now registered in the reference 
fiame of die operating room. 

in an ahemate embodiment in which the pre-operative planning is not carried out, then at 
step 664^ afi^ the patient has been rcsgistered, surgical planning iB carried out using the 
20 legistered patient body position and so a registered surgical plan is provided at step 666. 

Some regislratioD methods can requite access to the patientfs bones and therefore in some 
embodiments^ step 662 corresponds to an intra-operative procedure whereas in other 
embodiments^ registration step 662 can be considered a pre-sutgical operation ptocedure. 
25 At st^ 668, the surgical procedixre is eithfir begun or continued and, using the suigical 
plan, the surgeon carries out the jmrgical operation using various marked instruments, 
tools and implants with reference to the various display screesas which provide a real time 
indication of the positions of the instmments^ implants and body parts so as to provide an 
image guided surgical environment &r carrying out the mefbod. 

30 

While carrying out the computer aided surgical pmcedure, tbe surgecm can select to view 
various images on various of the display units provided throu^out the operating room by 
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the CHthppaedic operating system 1 so as to access as much useful infonnatiaii in 
visualisable fbim as required in oidear to cany out flie procedure. Navigation, of the tools, 
instruments and implants can be carried out using fhe wireless magnetic tracking s;ystem 
and/or the infrared tracking system. 

5 

At step 670, immediately after completion of the inq>lantation part of the surgLcsi 
procedure^ the surgeon can assess the success of the surgical procedure e^g., by comparing 
an actual image of the surgical site with an indication of the planned position of the 
implants^ or by articulating the joint and comparing the behaviour of fhe patienf s joint 
1 0 wifli a theoretic, planned or pre-opaative joint behaviour. This post-operative assessment 
can be carried out cdtihet before or after the surgical wound has been closed. 

In some embodiments^ the bone markers can be left in the patient's bones to allow for 
&tur&assessm^ofthe orthopaedic performance of the patient^^ hi other 

1 5 embodiments^ at st^ 672, the implanted bone markers can be removed while the surgical 
wound is still open or alteniatively percutaneously, using the instruments and methods 
previously described. The bone matkers can be removed in lire operating room, or 
alternatively, after flie patient has been removed fiom the operating room in a clinical out 
patient procedure. The overall method 650 then ends at step 674. 

20 

Before describing a particular computer aided surgical parDcedure which can take 
advantage of die implantable bone mariners described above, a numb^ of trackable 
instruments and tools will be described. These instruments or tools bear on, or in, them a 
marker, similar to marker 90. Alternatively, they may include an inductively RF powered 
25 marker such as marker 70, The rnaikeis can be encapsulated in a specific encs^psulant 
material or can be encapsulatBd, e.g. by being moulded into, a part of the instrument or 
tool. Alternatively, the marker is attached to the tool and located within a cavity of the 
tool, in a maimer similar to that of tool 28 as ilhistrated in Figure 13 above. 

30 With reference to Figure 28, there is shown a marked pomter tool, sometimes also 
referred to as a probe, 360. The pomter 360 has a handle 362 which incoiporates fhe 
marker which is trackable by the uracking systMu Handle 362 can be made of aplastics 
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matexial such as PHBiL Handle 362 has a elongate, substantially straight pointer element 
364 extending diere finooi and having a curved tip part 366 at a distal end of the pointer 
360. The pointer elemtet 364 is can be made of a metal or alloy material such as 3/16, 
The curved lip 366 of pomter 360 makes the pointer ergononiically more useable by a 
5 surgeon so as to identii^ anatomical features of the body or parts ofi m plants> or o£her 
insliuments or tools* 

i* Pointer 360 can be used so as to digitise the sur&ce of a body pai^ €ig. a part of a bone as 
part of registering that bone with the coordinate fiame of the tcaddng system. In one 

10 embodiment^ the mark^ is posidoited in the handle 362 with a set of sensor coils 
concentric with the longitudinal axis of the pointer element 364. Jn this way, the 
oxientatioQ of diat set of sensor coils substantially corresponds to flie ori^italion of the 
longitadtnal axis of the pointer. The positional relationship between the ftee raid of tip 
366 and the position of the marker in the pointer 360 is stored in the tracking system. 

1 5 Therefore when the tmcldng system identifies the maricer, using the transmitted marker ID 
ijifimnation^ the tracking system can automatically determine the position of the tip of the 
pointer 366 in the refeaience fiame of the tracking system. 

With rrference to Figure 29 tibere is shown a plane instrument 370 bearing a marker 
20 trackable by the tracking system. The marked trackable plane 370 includes a handle part 
372 and aplane or cutting part 374. In one embodimirat; handle part 372 is made fixmi a 
plastics material, such as PEEK^ or caibon fibre reinforced PEEK. A trackable marker is 
disposed within handle part 372. A motor is also provided in the handle part, having a 
switch operable by a user, so as to drive a cutting part of the plane so that the plane can be 
2S used to resect a bone and leave a flat resected bone surface. 

With reference to Figure 30, there is shown a burr removal tool 380. Tool 380 includes a 
marker so that the tool is trackable by die tracking system and so can be used in a 
navigated or image guided surgical procedure. The tool 3 SO includes a liandle 382 similar 
30 to a pistol grip having a switch 384 qperableby a user, A body part 386 of the tool has a 
kinked tubular member 388 extending there fiom with a tip 390 at a£ree end thereof. A 
rotatable or otherwise moveable cutting surface 392 is exposed at tip 390 and is driven by 



0097255 tO-Har-04 05:26 1 



10/03 2004 18:0a FAX 



UDL LEEDS 



-» UK PATENT OFFICE @ 012/055 



61 

a dnve mecdianism witbia the ^ Tip 390 also includes a closure inechanism su^ 
as an iris or eyelid type shutter. 

Jn xxsQy tool 380 can be used to form a bone sur&ce to a pre&cred shape or profile or to 
5 otherwise remove unwanted bone material* By operating switch 384^ the cutdxigsur&ce 
392 is driven and can be played across ihe bone surface so as to cut the bone surface to the 
desired shape or profile. The traddng S3^tem identifies the marker within the tool using; 
the transmitted marlcer ID data and the tracking system is pre-progiaimned with the 
positional and orientational relationship between the marker and the cutting surface 392. 
10 Using planning softwate^ a pjnefeixed shape or fonn of a bone surface can be identified pre 
or intra-operatively. Then in oider to g^eiate that Ixmesurface^ the tool 
over the bone and the trackiiig system can detect the position of the tool and allow the tool 
to cut away the bone sur&ce until the tracking system determines that the position of the 
cutting element 392 corresponds to the desired position of the bone sur&ce at which time 
IS the shutter can be actuated so that the tool 380 no longer cuts the bone sur&ce. 

Hence» in this way, the tool can be used to allow the sxirgeon to easily cut the bone to a 
pje&Eied shape or profile merely by running the tip of the tool 390 over the bone with the 
tracking system and cornputex: aided surgical system starting or stopping the cutting action 
20 of the tool as a p prop riate. In anoflio: embodiment, no shutter or closure inechani^ 

provided and instead^ driving power is no lopg^ si:^lied to the cutting elemjent 392 so as 
to provide the same effect 

With reference to Figure 31 there is shown a perspective view of a toosioning device or 
25 tensor 400. The device 400 includes a top plate 402 and abottom plate 404 made from a 
biocompatible metal, or hi^ tensile polymer coaqmsfte^ sudti as a Ti alloy or stainless 
steel (for example Ti6AL4V or 300 series stainless steel). The top plate 402 has a femur 
engaging suc&ce 403 and the bottom plate has a tibia engaging sur&ce 405. A link arm 
406 links the top and bottom plates and is connected to each plate by a pivot. Ihe link 
30 ann is pivotally connected to the bottim plate 404 by a fiist pivot 407 inctuding a pivot 
pin 408 (made from silver steel) passing through engaging pivot fiinnation parts of a first 
end oftfae link 406 and the bottom plate. The hnk arm is also pivotaDy connected to the 
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lop plate 402 by a second pivot also inchiiding a pivot pin passing througti engaging pivot 
fonnationpaits of a secK>nd end of the link 406 and the top plate. Link ami 406 can be 
made of die same or similar materials to Ibose of which the plates can be made. 

5 The am 406 links die top and bottom plates in such a way as to allow the top and bottom 
plates tx> separate relative to each other to a predetermined maxinram distance. A Single 
spring is fitted between the plates and engages interior sur&ces of the plates. The spring 
provides a biassing mechanism to cantzollably^Qrcethe tensor plates toward an opea or 
expanded configmation in which the device Is extended along the longitudinal axis of the 
. 10 knee jomt when in flexion. A spring foice in the range of from substantially 6Hg to 12 kg 
can be used. 

The device is used is to distract the femur fiom the tibia to establish the correct 
mechanical loading across the knee joint. The device can be used in an image guided 

15 surgciyuni-condyleknjeereplacement as will be described belo The device is 

introduced into the knee joint after the tibia has been cut and before the lemur is cut using 
an introducer tool which closes or comptesses the tensor, and which is then slowly 
released to contact both the tibia and the femur. The tensor device 400 is placed on a 
resected part of the tibia and is oricuted with its longer dimension in an anterior-postmlor 

20 direction and its shorter dimension in a lateral-medial direction and with the strai^t edge 
of the plates toward the middle of the knee. The bottom plate is placed in fiie same 
position as the tibial cornponent will be positioned. The device provides a known force 
to gap relationship. The tensor device opens and closes witih the force of the ligaments of 
the knee during flexion and extension. When in place, the tibia is flexed and extmded and 

25 the &mur to tibia distances are recorded nsing the unage guided surgery software. From 
this inf<mnatioii the $ur;i^on can decide on and plan the femur cut height to restore the 
correct joint gap. Hence the device allows the knee joint to be restored having a more 
correct tension and femur to tibia rotation. 

30 With reference to Figmre 32, there is shown a oonopression tool 430 for holding tensor 
device 400 in a compiressed state. Compression tool 430 generally has the constmction of 
a pair of forceps^, or plions, having a first arm 432 connected by a pivot 434 to a second 
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arm 436. expression tool 430 has an iipp^ nose 438 and a iov^ Lower nose 

440 has a ridgBd fonnation 442 on an inner sur&ce tbeieof for engaging in a recess or 
dhannel 444 in an undear side of the bottom plate 404 of the tensor device 400« 



S The first handle part 432 and second handle part 436 are made fiom a suitable suigi cal 
ma t erials, such as aluminium 707S* The pivot 434 is also made of a suitable surgical 
material, such as silver sleeL The iQiper nose 438 and lower nose 440 are also made ftom 
a suitable surgidal material^ such as an alloy^ such as Ti6AI4V. 



10 In use, the handles 432, 436 of compr^sion tool 430 are displaced apart opening the 
mouth of die tool which is engaged about the tensor device 400 with ridge 442 engaging 
in channel 444. The handles 432, 436 are then closed by the surgeon and the mechanical 
advantage provided by the leveraged effect of the handles allows a significant 
compressive force to be applied to tensor device 400 so as to compress the tensor device 

15 400 into a compressed configuratioa. The tmsor device can then be inserted betweeax the 
fenmr and resected tibial sur&ce and positioned therein. The handles 432, 436 are then 
opened and the compression tool is slid away fiom the tensor device 400 at a direction 
generally along the axis of channel 444 leaving the tensor device 400 in situ between the 
femur and resected tibia. 

20 

With re&n^ce to Figures 33A to 33C there is shown a madced orthopaedic inqplant 450 
providing a prosthetic part of a knee joint. Implant 450 is used to replace a single condyle 
of the fermn: and the corresponding bearing sm:&ce of the tibiae Figure 33 A shows a 
perspective view from the anterior of the uni-«on^e implant 450, Figure 33B shows an 
25 anterior elevadon of fhe implant 450 and Figure 33C shows a cross-section along line A- 
A of Figure 33B. 



The prosthedc implant 450 includes a femoral component 452 and a tibial component 

30 454. Tibial component454 includes a tibial tiaypart 456 and a bearing part 458 fixedly 
attached to the tibial txay 456 by retaining fozmations. 
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Femoial <^n3(»mmt 452 has a ccmtin Akedl462 
extends along the middle of the femcncal component betweea a toe ead 464 and a heel end 
466. A hollow locating pin or peg 468 extends away fiom the heel 462 at a gmerally 
centrally location. Peg 468 has a cavity within it which receives a marker 70 so titiat the 
5 position and orientation of the femotal component can be tracked by the tracking systemL 



An inner bone contacting side of the fcanoial component has four s^ments 472, 474, 476, 
478 each presenting a substantiany flat surface to a siutablypre^ Peg 468 is 

received in a Bole or cavity in the pn^ared femoral head and keel 462 is received in a 
10 anterior-posterior groove in the femur. Peg 468 helps to locate the femoral compimrat 
and groove 462 helps to resist twisting of the femoral component relative to the &mur. 

As iUnstrated^ imi-conityle implant 450 is for a lateral condyle of a ri^t leg or medial 
cxmdyle of a left leg and a muror hnage implant is also provided for use in Tcplacmg the 

1 5 medial and lateral condyles of left and right legs respectively. As illustrated, the marker 
470 is aligned with a one of its sensor coils aligned with the longitadinal axis of the 
femur. The marker can be encapsulated in an encapsulant material and/or partially or 
wholly enclosed in an outer housing beibie being secured within the cavity of peg 468. 
Preferably the marker is an RF induction powered marker to insure that power can be 

20 supplied to the marker fhroughout the lifetime of die prosthetic implant. 

Tibial tray 456 has a lower tibia engaging sur&ce 480 with a keel member 482 extending 
downwardly there from and along the anterior posterior direction. Keel 482 has a cavity 
in which a fiurther marker 484 is located. Marker 484 is similar to marker 470. At least a 
25 on© of the seaisor coils of marker 484 is aligned with the anterior/posterior axis of the 
labial component 454. 



Bearing 458 has an upper curved beanng sur&ce 486 which substantially reproduces the 
shape of the top of the tibia of a normal knee joint. Beanng sur&ce 486 has a generally 
30 slightly concave shape. In use, the outer sur&ce 460 of femoral component 452 bears 
against bearing sur&ce 486 as the knee joint is articulated. 



0097253 10rMar:04 05:26 



10/03 2004 18; 10 FAX 



UDL LEEDS 



UK PATENT OFFICE 3016/055 



65 

The femoml companent 452 and the tibial tray 456 can be made of any suitable bio- 
compatible malmals. Typically, fbey^ are made of bio-compatible metals, iachiding 
titanium and titamum based alloys, steels and cobalt-chromium based aUoys^ The tibial 
tray 4S& can be made of plastics materials, such as polymeric materials and in paiticular 
5 idtra-hi^ molecular wdj^ polyethylene (UHMWPE). 



15 



As best illustmted in Figuxe 33C» the fi^otal oomponc»it extends around fbe anteoriox of 
the femur to a small extent with only a small toe part 464. The implant allows a large 
amount of the femoral bone to be prreserved as only parts of a single condyle are removed 
10 and only telatLvely small amounts of bone are removed fiom that single condyle in oxder 
to fit the fe»noial component. Hence a large amount of the original bone material is 
removed while still providing good orthopaedtc pocEbrmance. hi Figures 33A to 33C, the 



in extmsii 



Witii x^ecence to Figure 34 Ihere is shomi a ftowdiart illustrating an embodiment of a 
computer aided orthopaedic surgical procedure for implanting intplant 450, generally 
designated 680. Vadous parts of method 680 correspond to various stqps of methcxl 650 
illustrated in Figure 27. Figures 35A to J are pictorial representations of various parts of 

20 method 680. Initially, corresponding to step 654 of method 650^ and as iUustcated in 
Pigures 35 A and 35B» a first inoplantable nmrker 708 is percutaneously implanted in the 
fetmir 710 of the patient A second implantable marker 712 is percutaneously inqplanted 
in the tibia 714 of the patient It is i^tefetred to ioqplant the implantable bone rnad^ 
within a few centimetres^, e.g. 5cm, of the surgical site or body part to be treated^ in this 

25 example^ the knee joint 



At step 684, tiie smgecm uses the surgeon mterface 10 to load patient data and any pre- 
operative data and/or patient scan data and/or images fiom the data stomge device 14. At 
step 686, Che surgeon can select various data items and patient images to be displayed on 
30 the wall display unit 8 and/or on the control system screen 12. 
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At step 688^ an auto-regpfitratioiL procedure is earned out by the siHgeon selecting this 
qpticm and wt&mg a conmmnd via surgeon inter&ce 10. The auto-iegistiatioa pEtocedure 
will be described with leference to Figures 36A, 36B and Figure 35C in particular. 

5 Figure 36A shows a flowchart iltaistratiDg a method 720 fin* automatically registering an 

image of the patient's bones with the actual position of the bones of the patienL Method 

720 corresponds generally to step 688. The X-tay imaging system 5 is controlled to 

capture a first image of the patient's knee from a first direction and a second image of the 

patient's knee fi!om a second direction. Either an X-ray or an X-ray fluoroscopy images 

10 can be captured. TTien at step 726, a three dirnfiaosional model of the patiMfs bone 
created &om the two captured X-ray imagft^ 









It 


F 





Figure 36B shows a method 740 for cceadng a tinee dimensional bone model 
corresponding generally to step 726 of method 720, At step 742, the internal shape and 

t, this is done by processing 
the X-cay images of tbB pader^fs bones to det^mine a mq or and minor axis of an ellq>se 
corr^ponding to the tntemaJ cnMss-sectional shape of the patienfs bone. The wajot and 
minor axes of a pturality of ellipses positioned along the longitudinal axis of the patients 
bone can be determined. Using this measure of the intmal sh^e of the patients bonOji a 



20 database quefy is carried out at stqp 744 to select a genraic model of tiie patie^'s I 
most closely matching the measured shsqpe. 



Previously, a plurality of CT scans of a pbiralit^ of dififerent bones is carried out and a 
plurality of generic models of bones of different sizes are created and stored in the 

25 database. In this embodiment, a plurality of generic femurs and tibias is created from CT 
scans of real j^urs and tibias and saved in the database. Using the measure or metric 
indicative of tide size of the patienf s actual bone^ a generic bone model most closely 
matching the patient's bone is selected fix>m the database at step 744. Then at step 746, 
the selected generic bone model is morphed^ Le. its size and/or shape is scaled so as to 

30 more accurately correspond to the patients actual bone shape and size. The customised 
three dimensional model is then used in the rest of the procedure to provide a more 
accurate model of the patient's bone. 
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Various methods fear casating a 3D model of a patient's bone from 2D images can also be 
used. For example, methods are described in US patent number 5^51,475 and 
international patent application publicaticHi number WO 01/22368, which are incorpoiated 
herein by reference in ^eir entirety for all pinposes. 

5 

After method 740 has completed, process flow xetuns to step 728 at which the positian of 
the X-iay q^slem in the zeference finaone of the <^>eiating room is d^etmined. This can be 
achieved in a number of ways. For example there can be a fixed positional relationship 
between the X-ray system and the opetalxag room, in which case a calflnation of theX-ray 
10 syston can be carried oi^ which results in a detemiinatton of the position of the imaging 

plane of the X-ray Systran in the Teferenoe fiame of the t^erattug room. Alternatively, a 

madoBr tradable by the traddng system 3 can be attached to each of die X-ray detectars. 

TlMffB is a known positional relationship between fbs imagmg plane of the X-ray detectors 

and the madcers. 

The trackiRg system can thetefoie detennine the position and orientatioQ of tibe imagipg 
plane in the reference fiame of the tracking system. Therefore the position of the image 
of the patient's bone in the reference fiame of the traddng system can be deteEmined 
Hence the position of the 3D image relative to the lefeience fiame of the ttacldng system 
20 can be determined fiom the positions of the 2D imag^ in the lefereaice fimne of the 
tracking system. Figure 35C shows a pictorial representation of the 3d model of the 
patient's knee, derived fix>m the 2D X-ray images, in the reference fiame of the trackiiig 
system 750- 

23 At step 730, the position of the patient's bones in Ihe referance fiame of the tracking 
system is determined- This is simply a matter of detetmining the cmnent position of flie 
bone maikers 708, 712 in the patient's bones. Figure 35C pictorially illustrates flie 
positions of the bone markers in the reference fiame of the tracking system 752. 

3 0 . At step 732, the 3d representation of the patient's bone is then mapped, in ttie reference 
ftame of the tracking system, on to the actual detected position of the patient's bone as 
graphically fllnstrafced by 754 m Figure 35C. This can be achieved as there is a known 
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position of ihe imaging plane of the X-ray detectofs in liie reference frame of the tracking 
system. Hencse Ihe result of mettiod 720 is registcation of the 3D model of the patieaitfs 
bone with the actual position of the patienf s bone in the lefeience firame of the tracking 
system. 

In m alternate embodiment, the inq>lanlable bone markers are provided in an X-ray 
opaque form so that an image.of the bone marker or markers is present in the captured X- 
ray images. Hence the pc^tion of the image in the reference fiame of the tracking system 
is known and so an appropriate mapping can be determined and earned out so as to map 
the 3d bone model derived from the X<ay images on to the position of the patients bones. 

After the auto-registration procedure 720 has conqpleted at step 734, the method returns to 
step 590 at which a registered surgical plan is genearated. In, an embodiment in wbidi a 
pre-operative plan was created, then the pre-opssrated surgical plan is mecged wittx the 
15 registered model of the body part so as to provide a registo^d surgical plan. Inanolfaer 
embodiment, an intra-operative surgical plan is created on the already registered model of 
die body part. 

Figure 36C shows a flow chart illustrating a method 920 of using the knee replacement 
20 plaimingfioflwareaiidcon^espQndinggjenerany Theplamiing 
software application is used to allow the femur and tibia implants to be correctly 
positioned wilh respect to each other to minimise implant stress and maximise contact 
area. A 3d visualisation of the moved joint (kinematic) is provided wifli superimposed 
design limits for relative positioning. 

25 

A pre-operative assessment of the i}a£Lenf s joint is conducted by extending and flexing the 
joint and recording the relative locations of the bones using tiue implanted markers and the 
tracking system. Having recorded the bone positions, the surgeon then uses the planning 
application to choose the iinplants daat best the fits flie patientfs bones. This typically 
30 requires balancing anterior/posterior sizing and medial/lateral sizing. The best implant 
location is then a compiomise of size versus best functional position accoiding to the 
implant design characteristics. The surgeon can then view a virtual model of the flexion 



5 
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and extension positiofns (kinematic) of the bones versus extemal/intemal rotation of the 
tibia to femur and select the best compromise for the patient 

As illustrated in Figure 36C, the femur and dbia Bxe already cegisteted with the system 
5 and at st^ 922 the size of the femur and the size of the tibia are detennined tiie planning 
program. Then at step 924, the autgean articulates knee joint and the positions of tihe 
bones are tracked and captuced so that the range of motion of the patieait^ knee joint is 
captured. The original range of moticm is thra stored at step 926. 

10 At step 928, the sizes of the tibial and femoral implants are selected and their positions are 
planned. Figure 35E shows a screen shot 750 fiom a knee replacemesit surgica] planning 
^plication as displayed on display device 12 of the tracking system control conqiuter. As 
can be seen, the 3D model of the patient's bone 752 is displayed to Che user together with 
3d images of the orthopaedic implants, e.g. image 754 of tibial component 454. The 
15 surgeon can vary the position of the implant components relative to the model of the 
patient's bone and a part of die graphical user inter&ce provided by screen display 750 
displays quantitative measures of the position and orientation of the inqdant 756. Using 
the planning application:, <he surgeon can vary the size of the osrfhopaedic mxplants and the 
position of the orthcypaedic implants relative to the pati^lfs bone m a number of ways. 
20 For example, Fig^ 35F illustrates varymg the longitudinal axis of the femoral 

component and Figure 350 ilhistcates varying the antmor-postezior axis of the &momI 
oomponmt 452. As weU as displaymg a graphical representation of the patienf s bone, a 
graphical representation of the cummt planned position of the orthopaedic implant 758 
can be displayed together with graphical representations of a theocetica] or prefened 
25 position of the implant based on modelling the mteaided orthopaedic perfbrmatioe of the 
patient's bones. 

« 

When the knee implant sizes have been selected and their positions detemiined, then at 
step 930, a virtual range of motion analysis is carried out for (he models of the patients 
30 bones and using the planned implant sizes and positions. Then at stqp 932, the virtual 
range of motion of the patient is compared with the actual lange of motion c^tured 
previously and at step 934, the suzgeon can deteraiine whether the implant sizra and/or 
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positions at© qipropriate. If noti and fiudier planning is reqoiied tbe processing returns to 
step 928 as indicated by line 936 and the size and/ot positions of the iinplaats can be 
changed. Steps 928, 930^ 932, 934 and 936 can be repeated as often as necessary until Che 
surgeon is satisfied with flie surgical plan. Then at step 938, the surgical plan can be 
5 saved if surgery is to be caixied out later on, or alternatively surgery can be commenced. 

After the orthopaedic plan bas been conipleted in stqp 690, then at step 692, the suigeon 
carries out an initial incision, b one embodiment^ the initial incision is cannled out in a 
navigated manner. The surgical site display device 7 is positioned over the patLenf a knee 

10 and displays an image of the patienlfs knee to the surgeon. The surgica] planning softwase 
can ifaen overlay a gr^hical indication of the position and fonn of the incisioin required in 
order to execnie the plaiined <irtbopaedic procedure After having viewed the planned 
incision position and shape overlayed over the patient's knee^ tb© surgeon can then remove 
tbe surgical site display device and make the incision. Using only a single incision helps 

15 to make the ptocedore a minimally invasive one. In one embodiment, the scalpel or 

incision device bears a trackable marker and the position of the scalpel is displayed on the 
control screen 12 together vrith the position of the incision and an image of the patienf s 
knee and these images are used to guide the surgecm to make the Expropriate incision. 

20 After having made the navigated incision^ at step 694, the surgical site display can be 

repositioned over the opedied surgical site and/or tbe surgical camera system 6 can be used 
to captnre teal time images of the surgical site which tise surgeon can select to display on 
wall display unit 8 and/or on the control unit display 12. The surgeon can also select to 
display previously captured imag^ of the patient's knee, e.g. CT scan. X-ray, ultrasound 

25 or X-ray fluoroscopy images. The surgeon can also dispfay surgical plarnilng infomiation, 
such as the preferred or platmed location of flie implants and can overlay and combine 
these and other images mentioned previously as ^propriate far the surgeon's purposes. 

Then at step 696, the surgeon begins the implantation procedure during which fh© 
30 positions of instruments, implants and other elements used by the surgeon are tracked by 
the tracking system and graphical representations of the implants, instruments and other 
elements are displayed so as to provide a visual guide to the surgeon. The surgeon can 
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select what images and/or combinatioiis of images to display on whichever of the display 
devices he finds most convenient as indicated by step 698. At step 700» if the surgical 
procedoie has not been completed, then as schCTiatically indicated by line 702» the 
traddng ^stmi continues to track the positions of the instruments» implants aad bones at 
5 step 696 and the displays are continiiDusIy updated to provide a real time display of the 
elements witfain the tracking system. 

Figuce 37 shows a Anther end>odiment of the method f€39r canying out a computes: aided 
knee r^Iacement surgical procedure 770» however using a difierent cegistcation 

10 procedmre. A number of the steps are the same as those in Pigine 34 and only the 
different steps will be described. In this embodiments a bone mozphology regj^tration 
pioceduxe is used rather than a bone image based registration procedu^ Atstep772» 
afi}^ the surgical site has been opened^ die surgeon uses a tracked pointer to c^ture a 
plurality of points on the sur&ce of the patienf s bone. The surgeon can capture some 

15 specific anatomical landmark points and a plurality of points in order to form a netwodc 

Bxieading over a padct of the lx>ne having a charat^nsti^ This process is sometimes 

refecred to as digitisatton. 

Then at stqp 774, a generic 3D model ^>propnate for the size of the patient's bone is 
20 selected based on tlie capdired points. The model is then aligned with the palknfs bone 
using the captured points whidi define a charactedsdc anatomical featuxe by which the 
model and bone can be aligned so as to provide a registered 3D moddL representing of the 
patient's bone. As the points on fiie patient's bone have been captured by the tracking 
system, the position of die paiknt^s bone in the reference fi:ame of the tracking system are 
2S known and the itnage of the patient^ bone is automatically registered in Ae reference 
fiiame of the tracking system. Then at st^ 776, the implant planning application is used 
to plan the surgical procedure using the registered mode) of the patient's bone so as to 
provide the registered surgical plan. The remainiag steps are similar to those described 
previously with reference to Figme 34. 

30 

Figure 38 shows a flowchart illustrating the navigated and image guided surgical steps 
carried out by the surgeon in order m implant the prosthetic knee» Figure 3SH shows a 
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scre^ shot 780 of the navigated siu^gical procedure application ilhistratmg the display of 
the patient's bone together with an indication of the position at which a cat should be 
made in order to implant the pros&etic inqplant at the planned positioo. The snigical 
procedure applicatioa is nsed together with the tracked instnxments to allow the 
instrument positions to be navigated so that the snigeon can fiu^corately position the 
instruments using the displayed images of the body parts^ instmments and planned 
positions together with video images of the surgical site. c 

WiHi x^efisccakce to Figure 3 8^ there is shown a flowchait illustrating a surgical method for 
fittiDg implant 450 to the knee of a patient Figures 39A to 39D show the femur 512 and 
tibia 514 of the patient and various tools, guides and the iniplants bdng used at various 
stages of method 490« Method 490 is a compute aided surgical m^ethcd. Priortotfae 
surglcdl method 490, Ihe patient has a marker peicutaneously implanted in the femnir and 
a further marker percutaneously implanted in the tibia. Using the planning software^ the 
surgeon detennines ttxe appropriate positions at which to locate the femoral and tibial 
components of the implant. Navigation and image guided software ^plications are then 
used daring the surgical procedure in which the positions of the patient^s bones, the 
prosthetic implants and various tools and instruments are tracked by the tracking system 
and visually disqplayed to the surgeon. 



The surgical procedure begins at step 492 and at step 494 the navigated incision is made 
in the sJdn sum>imdirig the patient's knee so as to expose -d^^ Atstep496, 
the patient's knee joint is qiened and the knee is subluxed <nr otherwise distracted so as to 
aUow access to tbs top of the tibia. At step 498, a cutting guide 516, bearing a marki^', is 

25 navigated into position and attached to the tibia at a position to allow a part of the tibia 
5 14 to be xeseded in accordance with the position deteimtned by the planning software. 
A cutting tool 518 is ffaenused with guide 516 so as to make the tibial cot and resect a 
part of the surfece of the tibia as illustrated in Figure 39A. The tensor device is inserted 
in the knee between the resected tibial surface and the femur using the compression tool 

30 as described previously. 
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. At step SOO, as illustrated in Figure 39B, a further maiked guide 520 is navigated inta due 
correct position as detennined by the planning software and an initia] femoial cut of an 
inferioj part of the :femur is carried out at step 500 using cutting tool S18. As illustrated in 
Figure 39B, the knee joint is in extension. 

5 

The femur i& then positioned ivilh the knee joint in flexion and at st^ S02 matked 522 
guide is navigated on to the tesecCed part of the fsmur and attached to the resected pact of 
the condyle by pins 524. Cutting tool 518 is then used to make three femotal angle cuts to 
remove a posterior part of the coiui^e 52&, a bone part 528 between the resected sur&ce 
10 and aposterior sur&ce and an anterior part 530 as illustrated in Figure 39C using three 
guide channel parts of guide 522. 

After the femoral angle cats have been made at step 502, at st^ 504^ the tibial and 
femoral implants are fitted. Using navigated guides and/or inarked drills^ reamers^ 
15 broaches aud other surgical tools, a channel in the anterior-posterior direction is created in 
the resected parts of the femur to receive keel 462. The hole is drilled in the resected part 
of the femur to accept location pin 468. A cavity is created in the resected sur&ce of tibia 
5 14 to accept tibial keel part 482. The tibial and femoral orthopaedic parts nret then fitted 
to the prepared femur and tibia respectively and secured in place, e.g, using bone cement 

20 

Various conventioDal surgical stc^ can then be carried out in onier to complete the knee 
reconstruction and to close the incision and then the method is contpleted at stqp 506. 
After the soigic^ procedure completes at step 506^ at step 704 of methods 680 or 770^ the 
surgeon can evaluate the success of the procedure £>r example by comparing the actual 

25 positions of the implants with the planned implant positions and/or articulating the joint 
and comparing ihe actual movement of die patlenf a Hmbs with a planned or theoretical 
movement or pre-operative range of motion of the patient's limbs. This can be carried out 
with the surgical wound still open or with the surgical wound closed. After the surgical 
wound has bean closed, then at step 706 the computer aided surgical procedure ends and 

30 then the bone markers can be removed as illustrated in Figure 35J and coxrespondLng to 
genera] method step 672 of method 650. 
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Wifh reference to Figures 40A to 40C, ibexG is shown a {»xks&^c hip 540 beaiing 
maikers to allow the prosthetic hip inqplanted as part of a coxopiiter aided surgical 
procedure S80 iUustrated by the flowchart shown in Figure 28. The marked prosthetic 
orthopaedic implant 540 includes a femoral component S42 and a pelvic coniponent 544. 
5 Figure 40A shows a perspective view of the prosllietic hip joint. Figure 40B shows an 
elevation of the prosthetic hrp joint S40 in a latearal to medial direction and Figure 40C 
shows a crDss-sBCtion along line AA of Figure 40B. 

The pelvic compon^t 544 has a generally concave or cup sh^se. The pelvic component 
10 544 has a body part 546 with an outer shell part 458 generally in the shape of apart of a 
sphere and treated to encoiirage bone ongrowtfa. A substantially circular aperture 550 is 
provided in an outer part at the ape^c of cup 544 fiir receiving a nouadcer including at least a 
sensor coil, RF induction power coU, antenna and associated circuitry so that the maiker 
can receive power and transmit its idmtifusr^ and position and orientation data to the 
15 tracking system. The marker is described in greater detail with reference to Figures 41 A* 
41D below. The inner sur&ce of acetabular cup 544 is highly polished and provides an 
articulate surfiace having a shape conesponding to a part of a sphere. 

The femoral component 542 includes a body part 552 generally in the form of a shoulder 
20 having a stem or tail part 554 toward an inferior part of the body and a neck part 556 
toward a superior part of the body. A inatker 558, similar to marker 470^ is proid 
cavity toward a sui>erior part of the shoulder of bo<fy 552. Neck 556 tapears slightly 
toward a free ead. A head part 560 is attached to neck 556 by a collar or sleeve member 
562. Steeve 562 has a generally aramlar shape and provides an adapter by which head 560 
25 is secured to body 552 in a tight push fit manner. 

Head 560 has a highly polished sut&ce 562 generally conesponding to a part of the 
surface of a sphere. An annular channel 564 extends around a longitudinal axis of head 
560 and an iimer wall 566 defines a cavity 568 within which sleeve 562 and neck 556 are 
30 received. Body 552 has an outer sur&ce or shell part 570 extending there around which is 
configured to encourage bone on growth. 



« 
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A cavity 572 havii^ a substantially v-shape is provided in an iiiq>erpart of the shoulder of 
body 552* Cavity 572 provides a connector by which an impactor tool can be engaged or 
otiierwise attached to fmioral component S42 to aid in fitting the implant 

5 With reference to Figure 41 A there is shown a magnified csross section through the £?)6x 
of acetabular cup 544 showing an acetabular marker 571 received within c&rity 550. 
Figure 41B shows a perspective view of the acetabular marker 571, Figure 4IC a 
transverse cross sectional view of acetabular marker 571 and Figure 41D a cross sectional 
view along line AA of Figure 41D. Acetabular madcer 571 has a housing 572 having a 

10 convex upper sur&ce and a concave lower sur&ce. The marker surfaces are coniSguted to 
smoothly continue the sur&ces of the surrounding parts of the acetabular cup 544. 
Housing 572 has a screw threaded portion 573 ext^iding around its periph^ which 
engages with a thread within an inner wall of acetabular cup 544 definiiig cavity 550- 
This provides an attachment mechanism by which the marker can be secoied to the 

15 acetabular cup. Iti other embodixnents, the maxlcer can be attached by an adhesive* brazil 
welding or by using a mechanical connection such as a push-fit or snap-fit formations. 

The housing 571 can be made ficom an assembly of a c^amic material and a metal or alloy 
material Suitable ceramic materials mchided YTZP (Yttria partiBlly tougjfaiened zrcconia), 
20 Alumitm or Zircom'atoughmedAIuinina. Suitable alkiysm^^ 

Ti6A14V. The join between the ceranuc and metaValloycoinponents can be provii^ 
a combination of a high temperature braze (before assembly of the electronic conq)oa6nts) 
and a laser or electron beam weld (with the electronics in situ)- The ceramic parte allow 
for KF tiansmission therethrough 

25 

A marker is 577 is provided in the housing. The housing 571 irjcludes three cavities 574, 
575, 576 in which the location coil 72, ckcidtiy 78 and power coil 74 of the marker are 
located. The transmission anteima and connections between the electronics components 
are also provided in the housing. The electronic modules 72, 74, 78 are substantially the 
30 same as those described above for the implantable marker and provide the same functions 
but configured in a different geometry. Each or all of the naarker electronic modules can 
be pre-encapsulated in an encapsulant material 578, such as an epoxy. 
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The oontplete acetabular marker S71 is inserted into Ihe acetabular dip. This can be 
canied out psre-opeiati vely, daring assembly of the acetabular cap^ or inlra-opearatively 
just prior to, or after, implanting the acetabilbr cup* 

5 With leferencc to Figure 42 there is shown a flowchart of a method 780 for planmng the 
iniplemmlation of the hip prosthesis 540 shown in Figures 4QA to C. This mc^od 
coizesponds to various of the steps of the geaiecai method ittustiatcd in Figure 27. The 
planning method begins at step 782 and, if images of the patient's body part are not 
afaeady available, then CT, X-ray, X-my fluoroscopy or ullrasoimd images of the body 
10 part can be captmed at step 784. Then at step 786, 3D models of the patient's body parts, 
in this instance the pelvis and femnr are dedyed fixmi the images of the pelvis and femur 
using a process similar to fliat described previously. That is a generic 3D model of the 
body part is morpbed so as to more closely resemble fiie actual shape of the patient*s body 
part as detemiined fiom the captured images. 

15 ^ 

Based <m fhe models of the patient's pelvis and femur, the surgeon detecmines the 
appropriate irnpLant system to use. As will be indicated below, in some embodiments, 
other prosthetic hip implant parts, different to prosthetic hip 540, can be used. At step 
788, the surgeon selects an initial size of cup ioiplant and stem iinplant in order to start 

20 the planniag procedure. At step 790, the surgeon can plan the position of a virtual model 
of the acetabular cup implant relative to the model of the patient's pelvis. An iomge of the 
model of tihe patienf s pelvis and an image of the acetabular cup ate displayed to die 
surgeon together with information indicating the orientation of the cup relative to the 
pelvis and other useful suigical planning ioformation similar to that illustrated in Figures 

25 35B to G in connection with the knee implant The position of the cup can be based on 
flie inclination and anteversion angiles with refisnence to the sagittal, fiontal and transverse 
planes of the pelvis. The locations of the sagittal, fiontal and transverse planes of the 
pelvis are obtained tcom the 3D model of the patient's pelvis and an indication of the 
inclination and anteversion angles, as the orientation and position of the cup is varied, are 

30 displayed to the sur^on. 
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At sl^ 792, the surgeon can consider wliether the initially selected cup is appropriate and 
if not at step 794, die surgpon can select a diSerent cup and plan the position of the 
dififeieislly sized ciq> at step 790. Steps 790^ 792 and 794 con be repeated annmbear of 
times in an inteiactKve ixrocess until the surgeon has settled on an apprDpriate cup size that 
S best fits the patienlfs anatomy. 

Planning the position of the cup can involve defining a lotation centre of the acetabulum 
and an outer diameter of the cup. This can be achieved by identi^dng multiple points 
inside the acetabulum of the modsL of the patient's pelvis and calculating the centre of 
TOtation and oatex diameter of liie cup based on the acquit In an alternate 

embodimmt,. the surgeon can digitise the positions of the points on the acetabular ci^ of 
the actual patieutf s pelvis using a tradced pointer. Figure 42B shows a pictorial 
i^resentation of the model of the patient's pelvis 791 illustrating the collecti^on of a 
pluralily of points on ttie sm&ce of the acetabulum and the centcie of rotation 793 defined 
thereEcom; Figure 42C shows a pictorial rq^esentation of the pelvis 791 » the anatomical 
centre of rotation of the acetabulum 793, an image of the acetabular ino^lant 795 and the 
CfflUre of rotation of the acetabular in^lant 797. Typically, die inclinaiion angle of the 
acetabular implant wonld be in the range of approximately 35^ to 50'' and the anteversion 
angle in the range of a«>proximately 15* to 30** with respect to the pelvic fixmtal, sagittal 
and tiansverse planes* 

At step 796, the position of the stem coniponent 542 is planned. The planrnng of the 
position of die ston oon^onent 542 is illustrated in Figure 42D. Figure 42D shows an 
image of the model of Axe patienf s femur with an image of the stem implant 542 overlaid 
25 thereon. The position of the stem 542 is planned wifli respect to the axis of the femoral 
neck and die stem axis obtained fiom the femoral image data. The stem is located at a 
position to fit within flbe medial and lateral flares of the fennir and so as to obtain the 
required varus/valgus^ antetoiion, anterio/posterio position with respect to the patient^ s 
anatomy- In particular, the axis of the femoral shaft 799 is defined in the image of the 
30 patient's feanur 801 and the long axis of die stem, die stem neck axis and the centre of the 
head to be fitted to the stem are all defined. The intended resection level 803 is plamied 
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and the stem is positioned such that die stem antetorsioea follows the natural fismoral 
anteforsion. 

The position of the stem is calculated with its long axis co-axial witti the longitudinal axis 
5 ofthefemm:. Adisplay of any angular diffeacence between Iheseax^^ 

The stem is also positioned wilh the media] and lateral flares piessmg against the iemoral 
cortex and with the depth of |he stem as required such that the leg length will be the same 
fin-bothofthe legs of the patient The calculated stem antetorsion can be displayed. Step 
79S includes planning die position of be st^ relative to its depth in the femur in orderto 
10 provide the required leg length. 



Then at step 800> the leg length provided by the planned stem and acetabular cup position 
is calculated and conqsared with the jsre-operative leg length and the leg len^gth for the 
other leg of the patient at step 800. Also, the hip offset is calculated and again compared 

15 with the preoperative hip o£&et of the patient and the hip o£&et fi>r the patient's other hip. 
The calculation of the patientfs leg length and calculation of the hip of&et are iltustiated 
schematically in Figpue 42K At step 802^ the stem size and/cn- ofFset provided by tiie 
stem can be changed and as illustrated by tine 804, any of steps 796 to 800 can be 
Ideated in an interactive process until the surgeon is satisfied with the planned sizes and 

20 positions. 



At step 806, the range of motion provided by the planned intplante can be checked by 
nK)ving die virtual repi^esentation of the patira^^ 

planned hxplant sizes and positions. The separation between the implants* the separation 
25 between fixed points on the bones and the sqiaiation between abone and an implant can 
be calculated. Any collisions can be looked for by varying the positions of the bones 
Ifarongh a number of degrees of freedom, including flexion, abduction^ adduction, 
extension^ exlrotation, introtation and introtFlexion. Afier a virtual range of motion 
analysis of the plarmed joint has been carried out, then at step 808 the plan can be saved if 
30 surgety is not immediately going to follow the plannmg procedure. In another 

embodiment, if surgery is to be canied out immediately, then the plan need not be saved 
and surgety can proceed. 
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Figure 43 shows a flowchart illu^radng a compoter aided surgical method 820 far 
caxzyitig out the Mp tmplaatation. The meOtod begins at step 822 with tbe surgeon 
instructing the tracking contcol system to begin ttie image guided surgery operatiooa. Then 
at step 824^ using the sutgicai site display device the surg^n carries out a navigated 

S single incision at the hip of Ihe patient so as to provide access to the surgical site. Use of 
a single incision helps to provide a minimally invasive method. At step 826, the hip is 
distracted or otherwise sepatated in older to provide the surgeon with the required access 
to the surgical site, if the auto-registration procedure has previously been used, then the 
bodypaitimagps are aheady registered. Alternatively, an intra-operative i^;istmtLon can 

10 be used similar to that described with reference to Figme 37. 

hrespective of how registration is canied out, at step 828, a reamer or drilling device 
bearing a mail^er trackable by the tracking system is used to drill the acetabulum in a 
navigated manner so as to provide a cavity for receiving the acetahular ciq> implant at the 

IS planned position. At step 830, a^trackable trail impactor tool is used to place a trail ci^ in 
the acetabular cavity in order to check the actual position of the cup relative to the 
planned position. If it is detemdned that the acetabular cavity is suitable^ ttien at step 832, 
a tiackable impactor tool is used to position the acdtabular cup inoqpliuit in the acetabulum 
and to position and orient the cup in accordance with the planned position which is 

20 sraphicaUy displayed as port of a navigated cup positicming 11^^ The position and 
odoDitation of the implanted cup is detected and used to display an indic^on of the 
position and orientation of the cup so that the implanted position and orieniatiQa of the 
cup can be compared with the planned position and orientation and its position vedfied. 

25 At step 834, a guide bearing a madcer is attached to the femur to allow a navigated neck 
resection of the femur to be canied out at st^ 834. At step 836 reaming of a cavity in the 
femur is begun and at step 838^ a broach with a maxfcer in its handle is used to broach, the 
cavity in the femur in a navigated manner. After the cavity has been completed, at step 
840^ a stem inserter tool bearing a marker is nsed to implant die femoral component 

30 within the femoral cavity and impact the fbmoral component into position. The position 
and orientation of ihe stem compon^t is di^layed and in particular the vagus/valgus 
position, the anterior/posterior dlt^ the anteversion, the depth and any deviation fiom the 
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pfaimed axis of fhe iiisplaat in the fbnun At step B42, the Mp xesuttii^ finom the actoal 
positions of the itxtplants can be checked and the surgical plan can be i:^>dated using the 
detected positions of the ixnplants to verify diat the leg length and of&et tequiiemcnts 
have been met. 

S 

Then at step 844, an immediate assessment of the perfimnance of the hip can be carried 
out The alignment of the implanted oithopaedic in^lanfs can be displayed and the 

w influence of the positions of the implants on the leg length, flie odO^ and the range of 
motion can be displayed to the surgeon. Immediate post-operative assessment of the 

10 orthopaedic perfonnance of the patient can be carried oi^ 

joint and obseaving a graqphical representation of the position of the bones and/or implant 
components. Also the movement of ihe bones and^or implant compo3iente can be 
compared with a theoretical or model performance, with a pte-operative per&miance or 
assessed based on the surgeim's skill and experience. The surgical procedure then ends at 

15 stepa46. 

With le&renoe to Figures 44A and 44By there are shown side and transv^e cross* 
sectional views of a fuitfaer embodiment of an acetabular cup implant component 850. 
Although cup 850 as iUustrated does not include a trackable marker, it can still be used in 
20 a navigated surgical procedure by implanting it using a marked irnpaclor tool, which itself 
is navigated, as the position and orientation of the cup relative to the impact tool can have 
a fixed known reIationshq>. In alternate embodiments a matk^ is provided at the apex of 
cup 850 in a manner stmilar to that described above with reference to Figures 40 and 41 , 

25 Acetabular cup 850 is particularly suited fox use in an oithopaedic procedure in which 
only the articulate surfaces of the hip are replaced. Tlie outesr surfiace 852 of the cup is 
roughened to &cilitate bone in growth. A preferred outer coating for the acetabular cup is 
that provided und^ the trade name Porocoat by DePuy Ihtraiational ixd of the UK. The 
iimer surface S54 of the acetabular cup, which provides die articulate smface of the hip 

30 joint, is highly polished. The cap 850 is made of a suitable bio-compatible material, such 
as a metal or alloy, hi embodiment, the cup is juade of a cobalt chrome alloy. Figure 
44B is a cross-section along line AA of Figure 44A. 
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Figme 45A shows a pa::qpective view of a femora] head iniplazit 860. Figure 45B shows a 
side elevaticm andFiguze 45C shows a transverae cross-section along line AA of Figure 
4SB. Femoral head implant S60 can he used to replace the articulate surface of the 
femoral head Implant 860 has a highly polished outer surfece 861 in the general shape of 

5 a part of a sph^. Implant 860 has a stem or positioning pin 862 extending along an axis 
passing through the centre 864 of tiie sphere defined by the sur&ce 861. A substantially 
annular cavity is defined by the wall of the implant and extends around the stem 862, The 
femoral head implant 860 can be made of a single unitaiy piece of roateriaL The implant 
csn be made of any suitable bio-oompatibie material, such as a metal or alloy. In one 

10 embodiment, the femoral head implant is made of a cobalt chrome alloy. Implant 860 can 
either be implanted using a navigable tool or can include a maiker d^eetable by the 
tracldng system, e.g. in stem 864 or within the wall of the inxplant. 

Figure 46A shows a perspective view of a further embodiment of a prosthetic femoral 
IS head implant 870. Figure 46B shows a cross-section through femoral h^ infant 870. 
Implant 870 has the general shape of a part of a sphere and has a fai^y polished outer 
snrfece 871. A substantially anmdar cavity 872 extends around a loo^tudinal axis of the 
prosthetic head implant between an outer wall and an inner annual waU part 874 of the 
femoral head implant 870. Inner wall 874 defines a slightly tapering cavity 876 therein 
20 with a circular cross-section. Implant 870 can eidier be implanted using a navigable tool 
or can include a marker detectable by the tracldng systom, e.g, within the wall of the 
implant 

In use, prosthetic femoral head 870 can be used to r^lace the articulate surfece of a 
25 femur. Prosthetic head implant 870 can be made of any suitable bio-compatible material, 
such as a metal or alloy, hi one embodiment, it is made of a cobalt chrome alloy« 

hnagps of the implants 8S0» 860» 8S0 and details of their geometiy, and the same for ai:^ 
associated implanting tools or instrument, are provided in the planning and IGS software 
30 so that flic positions of the implants can be planned and so that they can be implanted 
using an IGS procedure. 
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With leference to Figine 47» there is shown & flowdiart Qhistratiiig a ocmqnit^ aided 
method 880 for iicplanting prosthetic head implant 860. A number of method steps 
proceed and follow the descnbed method steps as have already been described above. 
Meihod 880 relates to the navigated smgical steps earned out by the sur^oQ. A virtual 
5 model of Ihe implant 860 is used during planning the position of the implant. 

In use^ implant 860 is at^hed to the femoral neck via stem locating pin 862. At step 882, 
a tradkable guide is positioned cm the femora] head with a guide drilling axis coincidental 
with an axis of flie femond head/neck along which the implant stem 862 is eventually to 

.10 lie. After the guide has been positioned and fixed to the femoral head, at step 884» a pilot 
hole can be drilled using the guide. In an alternate embodiment^ aliole far receiving the 
stem 862 can be driUed at step 884. At step S86> using the pilot hole in the femonl head, 
the femora] head is resected into a shape to engage in cavity 863 in the implant An image 
of a desired resected head shape can be displayed to the surgeon to guide the surgeon 

IS during this st^. At step 888, if not already done so, then a hole for receiving the stem 
862 is drilled using a navigated instmment to ensure that the hole is drilled along the 
correct axis and to the correct depth. 

Then at step 890^ the head implant, or a trial head^ can be attached to the resected femoral 
20 head. The position of the implant can be compared with a planned position and when it is 
determined that the position is acceptable, then the head implant can be cemented in 
place. Alternatively, a trial head can be lased prior to attaching the actual in9>Iaot head 
860 to check the actual petition of the head conqpaied to the planned position. 

25 With refere[nce to Figure 48, diere is shown a flowchart illustrating a oomputer aided 
surgical meihod 892 for implanting prosdietic femoral head tnq>lant 870 as shown in 
Figure 46A. At step 894, the guide is attached to the femoral head at a plarmed position 
defined by the planning program. Then at step 896, the femoral head^ and neck, if 
required, are resected to provide a tapered femoral neck section to engage within cavity 

30 876. A trial implant can then be attached to the resected neck and a visual display of the 
actual position of the implant compared to the plazmed position of the implant can be 
displayed to the surgeon. If the actual position is acceptable, then at step 898, the 
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prostbetic Iiead 870 can be attached to the stem using a trackable instrument and the 
prostiietic head can be fixed to the femoral stem^ 

Willi re ference to Figure 49, there is shown a dnmmy part or virtual part of a human bodty 
5 900 for use in training and teachii^ surgical procedures. The dummy is particularly 
suitable for use within the orthopaedic operating room. The dummy body includes an 
ouierlay^madeofamatenalwUchmmiicsthebehaviourofhmi^ Ooterskin 
layer 902 can be inade of a polyunsthane elastomer. WitiiiD the dummy body there are 
provided a number of dummy or synifaelic bones made of a material which mimics an 
10 actualhuman bone. For @cample a synthetic femur 904 is provided as well as a pelvis^ 
tibia and fibula, and parts of the ankle and knee Joint 

Regicms wifbin the outer akin, not comesponding to joint regions are filled with a volume 
of material mimicking the performance of soft body tissue, e.g. volume 906 smxounding 
IS the femur. In a region smrounding a joint, eg: the knee joint and the hq^ 

which dififeis to the soft tissue material is used to mimic the behaviour and performance 
DfahumanjoinL A volume of material is provided around and enclosing the joint. For 
example volume 908 sumnmds the knee joint A suitable material is a polyuxetfaane 
elastomer. A fiirther volume of jomt material 91 0 is provided around the hip joint 

20 

A synthetic or dummy ankle part 912 is also provided attached to the end of a synthetic 
tibia and/or fibula and enclosed within a volume of soft body tissue mimicking maleriaL 
The dunmiy ankle part 912 can be made of a two part polyurotfaane resin. Thedummy 
bones can be made of a solid foam which mimics the properties of dense cancellous bone. 
25 A suitable material is a solid foam, such as tliat provided by Synbone. A suitable material 
for the soft ti^njemimiiddng material would be a two part expm Asuitable 
polyumtfaane elastomer for the skin and joint enclosjng parts would be the polyuretbane 
elastomer provided under the trade name Smootti-On. A suitable two part polyurothane 
resin is diat provided under the trade name Fast-Cast. 

30 
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The particular materials used 1» provide tte 

piqvide a particularly i^listic dummy on which. &B orthopaedic procedures d^cribed 
herein^ and olher orthopaedic surgical procedoies can be practised by a surgeon. 

5 Graerally, embodiments of the present invention employ various processes involving data 
stared in or transfened tfarougli one or more computer systems. Embodiments of the 
present invention hIso relate to an apparatoi^ &r pexforming these operations. This 
apparatus nmy h,^^pecially constructed for the required purposes, or it may be a general- 
purpose coroputer selectively activated or teconfigured by a computer program and/or 

10 data structure stared in Ihe computer. The processra presented herein are not inh^cen^ 
related to any paiticular ocfnqiuter or other apparatus. In particular^ various geneaal-- 
purpose machine may be used with programs written in accordance with the teachings 
herein, or it may be more convenient to oomtruct a more specialized apparatus to perform 
the required method steps. A particular structuie for a vaiietjr of these machine will 

IS ^appear fixim the description given below- 

in addition, ranbodiments of the present inveaittion relate to computer readable media or 
computer program products that include program mstructions and/or data (including data 
atrucdrres) for perfonning various computer-implemented operations. Examples of 

20 computer-readable media include, but are not limited to, magnetic media such as hard 
disks, floppy disis, and magnetic t^e; optical media such as CD-ROM disks; magneto- 
optical media; s«iiconductor memory devices, and hardware devices that are speoiaUy 
configured to store and perform pDOgram instructions, such as read^^oidy memory devices 
(ROM) and landom access memory CRAM). The data and pragram instructions of this 

25 invention may also be embodied on a carrier wave or other transport medium. Examples 
of program instm.ctians inchide both machiue code, such as produced by a conipiler, and 
jBIes containing higher level code that may be executed by the comgputer using an 
interpreter. 

30 Figure SO illustrates a typical computer system that, when apprc^priately oonfigared or 
designed^ can serve as an image analysis apparatus of this invention. The computer 
system 1000 includes any number of processois 1002 (also referred to as central 
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processing units^ or CPUs) that are coupled to storage devices incbiding primacy storage 
1006 (typicaUy a random access memoiy^ or RAM), pzimaiy storage 1004 (typically a 
read only memory, or ROM). CPU 1002 may be of various types including 
microcontroU^s and mimiprocessors such as programmable devices (e.g>« CPLDs and 

5 EPGAs) and improgrammable devices such as gate array ASICs or gts>neral purpose 
micanpiocessois. As is well Imown in the art, primary storage 1004 acts to transfer data 
and instmctions imi-directionally to the CPU and primary storage 1006 is used typically to 
transfer data and instructions in a bi-diiectional manner. Both of these prhnaiy storage 
devices may include any suitable cotnpuler-readable media such as those described above. 

10 A mass storage device 1008 is also coupled bi-diiectionally to CPU 1 002 and provides 
additional data storage capacity and may include any of the computer-readable media 
described above. Mass storage device 1008 may be used to store programs* data and the 
like and is typicaUy a secondary storage medium such as a hard disk. Itivillbe 
appreciated that the information retained within the mass stcnage device 1008, may, in 

15 appropiiate cases, be incorporated in standard fashion as part of primary storage 1 006 as 
virtual memory. A specific mass storage device such as a CD-ROM 1014 may also pass 
data UQi-<directiona]ly to the CPU. 

CPU 1002 is also coiq>led to an int»£ice 1010 ttiat connects to one or more iitpul/output 
20 devices such as sudi as video monitors, track balls, mice, keyboards, micmphones, touch- 
sensitive displays, transduce card readers, magnetic or paper tape readers, tablets, 
stjdnses, voice or handwriting recognizers, or other well-known input devices such as, of 
course, oflier coaq>uterg. Finally; CPU 1002 optionally maybe coiqpled to an external 
device such as a database or a computer or telecommunications network using an external 
25 connection as shown generally at 1012. With such a connecdon, it is contemplated that 
the CPU might receive informatian fibom tfac network, or might ou^ut information to the 
network in the course of perfimning the meihod steps described hereiiL 

Alttiough the above has generally described the present invention according to specific 
30 processes and apparatus, the present inveotion has a much broader range of applicability, 
in particular, aspects of the present invention is not limited to any particular kind of 
orthopaedic procedure and can be applied to virtually any joint or body stmctme. One of 
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ordinary skill in the art would rBCognize ofher variants, modifioalions and alternatives in 
Kgbt of the foregoing discussion. 

It vail also be aiipreciated that Ihe invention is not limited to the spedftc combinations of 
S stmctural f eatuies^ data processing operations, data stnictuiiBS or sequences of method 
st^ described aiui tfaa^ unless the context requires othenvise, the foregoing can be 
altered^ varied and modified. For example different combinations of structural features 
can be used and features described with reference to on^-embodim^ can be craibined 
with other features described with leference to other embodiments. Similady die 
10 sequ^ce of the methods step can be altered and various actions can be combined into a 
single method 5tq> and some methods steps can be canied oat as a phaali^ of individual 
steps. Also some of the structures are schen^tically illustrated separately, or as 
comprising particular combinatlans of features, for the sake of clarity of explanation only 
and various of the structures can be combined or integrated together or different features 
IS assigned to other structure. 

L 

It will be ^ppreciaisd that the specific en[ibodiments desc^ 

example^ and that the present invention is not limited to what has been particularly shown 
and described hereinabove. Rather, the scope of the present invention includes both 
20 combinations and subcombinations of the various features described hereinabove, as wen 
as variations and modificatians thereof wMdb would occur to persons skilled in the art 
upon reading the foregoing description. 
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CLAIMS: 




I . An integrated sucgical system fisr use in an ortfaopaedic operating room to enable 
a surgeon to cany out a computer aided surgical porDcedoxe on a subject^ tbe integrated 
S surgical Systran comprising: 

a subject support on wMcb the subject can be pcxsilianed; 
a wireless magnetic traddng system^ liie tcacldng system generating a magnetic 
field defining a working volume of the tracking system, the subject support being located 
at least partially wilfain the working volume, and the tracking system including a tracking 
10 control system configured to track the position of a marker detectable by the tracking 
system within the working volume and geaciate a signal indicative of the position of the 
marker within a reference fiame of the trackiiig system; 

a registration system configured to register the position of the body part of the 
subject with an image of the body part of the subject within the reference frame of the 
IS tracking system; 

at least a first display device configured to display a registered image of the body 
part of die subject and at least an ima^ repcesratative of a ttackable implant during the 
computer aided surgical proceduie; 

a control system configured to integrate the fimctionalities of a plurality of the 
20 parts of the surgical ssfstem; and 

a surgeon interface operable by the surgeon to control operation of the plurality 
of pans of the ictegnated surgical system. 

2. The ^tem of claim 1, and further comprising a fiiitber wireless tracking system, 

25 the fiirther wireless tracking system being an infiared wireless traddng system and being 
in communication with the control system and configmed to generate a signal indicative 
of the position of a tracked element in the reference fiame of fiie fiirther wireless tracking 
system. 

30 3, The system as claimed in ciaun 1, wherein the first display device is a touch 

sensitive display and con^rises a part of the surgeon inter&Ge» 
« 



[0097253 10-Mar-04 05:26 ] 



10/03 2004 18:20 FAX 



HDL LEBDS 



UK PATENT OFFICE @ 039/055 



88 

4. The system as claimed in any of claims 1 to 3, and the surgeon inter&ce 
including an oriCTlation sensitive device operable by a swgeon to enter control 
commands* 

5 5» The^^stemasclaimedinanyof claims 1 to 4> and the suE^eon inters 

including a heads up display weaiable by the surgeon and configured to display at least a 
one of the images selected from the group comprising: a captoied image of the body part; 
an image of amodel of the body pazf; a registered image of the bo<fy par^ a video image 
of tihc body psr^ a r^messaolation of an implant; a icpre&entation of an instnmmt; an 
10 indication of the planned position of an implant; instruinent or incision; ami any 
combination of the preceding. 

6. The system as claimed in any of claims 1 to S» and further comprising a wall 
display unit, the wall display unit being configured to provide a plurality of image regions^ 

15 each, image region being capable of displayicg a different image. 

7. The system as claimed in claim 6» whe3:ein the different images are selected fiom 
the group comprising: a captured image of the body part; an image of a model of the body 
part; a registered image of the body part; a video image of the body part; a representation 

20 of an implant; a representation of an instrument; an indication of the planned position of 
an iifnpiaytt^ instrument or incision; and any combination of the preceding. 

8. The system as claimed in any preceding claim^ and wherein the system fiuther 
comprises a suigical site display device, die surgical site display device including an 

25 image display portion and a siq^port. and wherein the imagp display portion is 
positionable over the surgical site of the patient in use. 

9. The system as claimed in claim 8, and wbereni the surgical site display device 
includes an image capturing device having a field of view including Uie surgical site and 

30 generating a surgical site images, and wherein the surgical site image is displayed in the 
image display portioiL 
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1 0. The system as claimed in claim 9, wherein flae suigical site image is a real time 
video image of ihe surgical site. 



1 1. The system as claimed in claim 9 or 10, wherein a fiirtber image is overlayed ooo 
S the surgical site image and the farther image and the surgical site imiage are di^layed in 
the hnage display portion at the same time;» and wh»em the fiinlier image is selected from 
the group comprising: a captured image of the body part; an image of a model of tihe body 
part; a i^istraed image of the body part; a viiieo image of the bcxiy i>art; a representation 
of an implant; a representation of an instrument an indication of tiie plamied position of 
10 an implant^ instrament or incision; and any combination of the preceding* 



15 



20 



25 



12. The system as claimed in any preceding claim, and further comprising an image 
cs^turing device which captmes r&l time video images, and wherein the real time video 
images are displ^d in real time on at least one display device of the system. 

13« The system as claimed in claim 12, and fiirtiier conqprising a surgical light; the 
surgical light being suspended and being movable to difitoent positions and orientations 
with respect to the qpecating table, and whecein the image capturing device is provided as 
a part of the soi^gtcal light 

1 4. The system as claimed in any preceding claim and fimfaer comprising an image 
storage device storing a phirality of captured images of the body part of the subject, the 
images of the body part being selected finom the group cnmpri^ng: X-ray images; CT scan 
images; and X^y fluoro images. 



15. The system as claimed in any preceding claim and fiirtfaer comprising a body part 
model storage device, storing a plurality of generic 3-d models of different body parts. 



16. The system as claimed in any preceding claim and further con)[prising an implant 
30 image storage device storing 3d images of a plurality of implants useable in the computer 
aided suigical procedure. 
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1 7. The system as claimed in any preceding claun and fiirflier coininising m 
instrument image storagp device storing 3d imag6& of a plurality of instruments u^seable in 
the computer aided surgical procedure. 

5 18. The s^tem as claimed in any ixrecodingclaicD, and wher^ 
system is an X-iay or X-ray floooroscopy rpgistcatioa system. 

1 9. Hie syslgoi as claimed in claim 1 8^ whcrdn the registration sj^sfiem is configured 
to csKptore at least a fiist image and a serand ima@^ of the body part £rom different 

10 directions wttih the patient on die operating table* 

20. The system as claimed in claim 19, wl^cin the regisliation system includes a 
first x-ray source and a second x-ray source^ a first detector positioned to capture the first 
image of the body part resulting fiom the first x-ray source and a second detector 

1 5 positioned to capture the second image of the body part resulting firom the second x-ray 
source. 

2L The system as cOaimed in claim 20, wherein the first detector and the second 
detector aie positioned above the subject support and the first x-rtQ^ source and the second 
x-ray source are positioned below the subject support. 

22. The system as claimed in any of claims 19 to 2U ^wherein the control system 
includes con^mter program iostmction executable: 

to generate a 3d imaj^ of the body part fix>m the first image and second image; 
to detemune the position of the body part in tiie reference fiame of the tradbing 
system; and 

to register Ifae 3d image of the body part with the position of the body part in the 
reference fiiame of the tracking S3rstem. 

30 23 , The system as claimed in any preceding claim, wherein the tracking system 
includes a magnetic field genacating subsystem and wherein the position of the magnetic 



20 



25 
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field generaiing subsystexn or subject support is movable so as to change ihe positioa or 
orie£itati<]xi of the working vohime relative to the subject support 

24. The system as claimed in claim 23, wherein a part of the subject suppwt is 
S movable and/or a part of the magnetic field genemtitig subsystem is movable. 

25. Hie system as claimed in claim 21, wherein the first x-ray source and the second 
x-ray source are provided in a floor on whidi the subject'sopport is located. 

10 26. The system as claimed in any preceding claim and including a video mixing and 
control subsystem which controls the display of ima^s on a plurality of diffecent image 
display parts of the system. 

27. The system as claimed in any preceding claim, wheiein the control system 
1 5 includes computer program instructions providing an orthopaedic suigecy workflow 

program. 

28. The system as claimed in claim 27, wherein the coulzol system inchides 
computer program instmctions providing an orthopaedic in^>lantation planning pmgram. 

20 

29. The system as claimed in claim 28, wherein the confrol system includes 
computer program instructions providing an orthopaedic image guided surgery program 
for irnplementing the OErthopaedic procedure at least partially planned hy the oitibqpaedic 
plamung program. 

25 

30* The system as claimed in any of claims 27 to 29, and wherein the tracldng system 
passes data indicating the identity of a marker being tracked by the tracldng system to the 
control system^ and wherein the control system determines whether the marker is 
associated with the position of a bon^ an implant or an instrument 

30 

3 1 . The system as claimed in any preceding claim^ and further coniprising at least 
one marker wirelessly trackable by the tracking system. 
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32. The system as claimed in claim 3 1, whetein the maiker is attached to an implant 

33. The system bs claimed in claim 3 1, wherein the maiker is attached to an 
instrumeoL 

5 

34. The system as clainted in claim 31, and ivhei)d^ ahonsing 
including abone anchor for retaining the marker within the heme of the subject and 
wheodn tibe mark^ is heimetically sealed in the honsing. f ^ 

10 35. The system as claimed in claim 34^ and wh^rem the 
pH^utaneously implantable within the bone of a subjecL 

36. The system as claimed in any preceding claim, and further including a prosthetic 
jointy the prosthetic joint comprising a first orthopaedic implant bearing a first marlcer 

15 wicelessly trackable by the tracking system and a second orthopaedic implant bearing a ' 
second marker wiielessly trackable by the tracking systeoL 

37. The system as claimied in claim 36^ wherein the prosthetic joint is a prosthetic 
knee joint; the first orthopaedic inplant is a femoral component and the second 

20 orthopaedic component is a tibial component; and the femoral component includes a 
locating pin which in use is located within the femur and the first marker is located at 
least partially within ^ locating pin» and the tibial con^onent includes a keel whicli in 
use is located within the tilria and the second mark^ is located at least partially within the 
keel. 

25 

38. The system as claimed in claim 36, herein the prosthetic joint is a prosfiietic hip 
joint the first orthopaedic implant is an acetabular con^nent and tbe second orthopaedic 
component is a femoral component, and the acetabular component is a cup and the first 
niEuker is located within a wall of the cup at an apex of the cup, and the femoral 

30 component includes a body and the second marker is located at least partially within the 
body. 
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39. The systrai as claimed in any of claims 1 to 38» wherein ttie systatn includes at 
least three markeis wirelessly trackable by the wireless magaedc tracldng systeit^ and 
wherein: 

a first of the three markers is configured to be powered by RF indaction and is 
5 implantable m the bone of fho subject; 

a second of the three mari^Lcrs is configoied to be powered by RF induction and is 
attachable to an orthopaedic implant fi>r implanting in the body of the subject; and 

a third of the three marker has a battery and is attachable to an instrument for 
use in the surgical procedure of implanting the orthopaedic implant in the body of the 
10 subject 

39. A dummy body part for use in training a surgeon to carry out an onhopaedic 
surgical procedure on a surgical site, the dummy bo^ coirqprising: 

an outer layer of a first mRtCTiat which mimics skin; 
15 an inneir volume of a second material within the out^ layer which mimics 

ii^rior body tissues; and 

a tiiree dimensional fomoation of a third material which mimics bone located 
within the inner volume, wherein the outer layer; inner 
configured to correspond to a joint of a human txKly. 

20 

40. The dummy body part as claimed in claim 39, wherein the dummy body patt has 
a first three dimensional fiDmiadon oorcesponding to a knee j oint and a second three 
dimensional formation corresponding to a hip joinL 

25 41. The dummy body part as claimed in claim 39 or 40, wherein the first material is a 
polyurethane elastomer, the second material is a polyuretbane elastomer and the third 
matenal is a solid foam. 

42. A method for operating an integrated surgical system to liable a surgpon to carry 
30 out a computer aided surgical procedure on a body part of a subject positioned on a 
subject support in an operating room, the method comprising: 
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detenmning the posidon of at least a first madcer being wrolcarsly tradked by a 
wireless magnetic tracking system which generates a magaettc field definiag a woddng 
volume of the tracktng system within which the subject support is at least pariaally 
located^ the position of the mackor being wiOiui a refetcaice fiame of the tracking system; 

registenng the position of the body part of the subject with an image of flie body 
part of the subject within the reference frame of the tracking system; 

displaying a registered image of the body jpart of the subject and at least an imagp 
r^rraetitative of an implant bearing flie maimer at a current position of the implant 
relative to tiie body part an at least a first display device during the computer aided 
sui^cal procedure; and 

receiving a command fixjm a surgeon interl^e cpemble by the surgeon and 
controlling operation of at least a one of the plurality of parts of the integrated surgical 
system responsive to the command. 



15 43. The method of claim 42, and finrlher coxspdsing detemiimng the position of at 
least a second marker being wirelessly tracked by an infiared wireless tracking syst^ the 
position of the second martoar being within a reference fiame of the infiared wireless 
tracking system. 



20 44. The method of claim 43, and fiirlher comprising detmmning the position of the 
second marker in the reference fisme of the wireless magnetic tnEtcfcing system. 



45. The method of any of claims 42 to 44 and finther comprishig detenmning the 
position of an element to which the marker is attached in the refraence fiame of flie 
25 magnetic wimless tracking sysl 



II 



46. 



The method as claimed in any of claims 42 to 45 and further comprising: 
generating an image for di^lay on a heads up display wearable by the surgeon; 



and 



30 supplying flae image to the heads up display, wherein the image is selected ftom 

the group comprising: a captured image of the body part; an unage of a model of the body 
part; a registered image of the body part; a video image of the body part; a representation 
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of an iuqplant; a representalion of aa mstmmeiit; an indicaticfii of the planned posidoii of 
an implant; iDStmmeat or incision; and any combination of tiie preceding. 

47. The method as claimed in my of claims 42 to 46, and finther comprising: 
S genetating a ptnrality of difiecent images for display on a wall display unit 

configured to provide a pluiality of image regions, each image region being c^ble of 
displaying a different image; and 

siq>plying a one of the plurality pf images for display in each of the image 

regions. 

10 

48. The method as (^iried in claim 47» wfaficein the di£fe^ 

from the group conipiisiiig: a cqrtured image.of the body pari; an image of a model of the 
body part; a legistcrod imajge of the body part; a video image of the body part; a 
iqpresCTtation of an implant; a representation of an instrumenl^ an indicaticm of the 
1 S planned positton of an implant instrument or incision; and any ccnnbination of the 
preceding. 

49. The mefliod as claimed in any of claims 42 to 47^ and fiulher comprising: 
capturing a surgical site image of a surgical site; and 

20 supplying the surgical site irrmge to a disfplay device positionable over the 

surgical site of the patient in use. 

50. The method as claimed in claim 49, wherein the surgical site image is a real time 
video Ullage of the surgical site. 

25 

51. The method as claimed in claim 49 or 50, and further comprising: 
registering a fiirther image with the position of the surgical site; 

and overlayed the fiirlher image on the surgical site hnagq, wherein the fiuiheir 
image is selected firom the group comprising: a captured image of the body part; an imagp 
30 of a model of the body part; a registered imag^ of the body part; a video image of the body 
part; a representatian of an irrplant; a representatioD of an instrument; an indication of the 
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planned position of an implant, instmnieDt or incision; and any ix>nibination of the 
preceding. . . 



52. The method of any of claims 42 to 51 and fiiither canonising: 
capturing real time video images of a sorgical site; and 
supplying tlie real time video images for display in real time on at least one 
display device of the syst 



53. 



* The method as claimed in any of claims 42 to 52 and further comprising: 
10 retcieving an image &om an image stomge device which stores a plurality of 

captured images of the body pait of the subject^ the images of the body part being selected 
finom the group comprising: X-^iay images; CT scan images; and Xnray fhioro images. 



54. Themethodasclaimedinanyof claims 42 to 53 and further con^s^ 
15 selecting a one of a plurality of generic 3d models of dififeraat body parts stored 

in a storage device; 

morphing the selected one of the plurality of ganmc 3d moitels lo more closely 
match the bodiy part of the subject; and 

generating an image derived ftom ttie moiphed generic 3d model, 

20 

55. 



The method b& claimed in any of claims 42 to 54 and flutiier conqpiising: 
selecting a one of a plurality of stoned 3d images of a plur^ity of inrplanls 
useable in ifae conxpufier aided surgical ptocedore; 

detennining the current orientation and position of an inqilant corresponding to 
25 the selected tmplan^ 

generating an image from die selected 3d image of the iniplant coiiesponding to 
a surgeon's view of the implant for the current orientation of the in^lant; and 
displaying the image at the current position of the implant. 



30 56 



The method as claimed in any of claims 42 to 55 and further compsrising: 
selectii^ a one of a plurali^ of stored 3d images of a phiiality of instrumenls 
useable in the compnter aided surgical procedure; 
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rifitermining the current oneatation and position of an instniinent ccnxespondiiig 
to Ifae selected implant; 

g^eiating an image from the selected 3d image of the instnoneot correspotiding 
to a surgeon's view of the instruzneat for the oorrent orimtation of the instrument and 
S displaying the image at the cuxrent position of the instrument. 



57. The method as claimed in any of claims 42 to 56, and further comprising: 

capturing a first x-iay or x-iay fhxoroscopy image of the body part for a first 
direction and a second x-ray ox x-iay fluoroscopy image of the body part for a second 

10 direction, dififecent to the Stst direction; 

generatix^ a 3 d image of the body part fiom the first image and second images 
detmnming the position of the body part in the xefecexice fiame of the Iracldng 
system; and 

registering the 3d imaj^ of the body part wid] the position of the body part in the 
IS refiscence fiame of the tracking systmi. ^ 



20 



S8. The method as claimed in any of claims 42 to 57 and fiirther compnsmg 
controlling images ftom different sources and displaying images finom different sources 
di£fer«ait image display parts of tiie system. 



59. 



The method as claimed in any of claims 42 to 58^ and finther comprising: 
displaying a user inter&ce for an orthopaedic surgeory woifcQow program; and 
receiving and processing commands entered via the user inter&ce. 



25 60. The method as claimed in any of claims 42 to 59, and farther comprising: 

displaying a user inter&ce for an orthopaedic implantation planning program; 
receiving and processing orthopaedic planning commands entered via the user 

inter&cc; and 

saviiig at least a part of a surgical plan. 



30 



61. 



The method as claimed in claim 60, said finther coinprising: 

displaying a usear interfiioe for an orthopaedic hnage guided surgery program; and 
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receiving andiirocessing commands entered via the user inter&ce to contra] the 
image guided surgery procediiie. 



62. The meih.od as claimed in claim 61, and fiirtheir coimprising generating and 
5 displaying um^s to guide the suig^eon to cany out surgical steps at partially planned 
by the orthopaedic plamiing program. 



63. The method as claimed in any of claims 42 to 62, and further conqprising: 

determining the identity of each of a plurality of markers being tracked by the 
10 tracking system; and 

determining the nature of an elemrat with which the marker is associated. 



64. The method as claimed in claim 63 wherein the nature of the element is selected 
fiom the group comprising: a bone; an implant; and an instnu 



IS 



65. The method as claimed, ta any of claiins 42 ta 64, and fbrifaer con^nsmg 
detemiiDiiiB the eun^ position of an instnunent in the lefensnce flaniB of the tnu^g 



sjnsi 



20 66, The method as claimed in any ofclaiins 42 to 65, and fiirfher composing 

detmnming the cunmt portion of abone in Ihe refOTaioe firame of fiie tacking system* 

67. The mettiod as claimed in any of claims 42 to 66, and further comprising: 

deternotming the position in the reference fiame of the tracking system of a fkst 
25 orthqpaedic implant bearing a first marker wirelessly trackable by the tracking system; 
and 

detenni^ the position in the reference fiame of the tracking system of a 
second orthopaedic implant bearing a second mark^ wirelessly trackable by the tracking 
system. 

30 
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68. The method as claimed ia claim 67^ wherdn the first orthopaedic inqilant is a 
femoral coic^nent of a prosthetic knee joint and die second orthopaedic component is a 
tibial component of a piosdietic knee joint. 

S 69. The method as claimed in claim 67, wherein the first ordiopaedic imphmt is an 
acetabular component of a hip joint and the second orthopaedic component is a femoral 
component of a hip joint 

70. Compute program code ex:ecutaible by a data proc^sing device to provide the 
10 methodof any of claims 42to69. 

71 . A computer readable medium bearing contpnter program code as claimed in 
claim 70. 

IS 72. A wirelessly trackahie ptmthedc joint for irnplanting using an image guided 
siugical procedure, the prosfhctic joint contprising: . 

a &st component bearing a ihst wirelessly trackable marker; and 
a second component bearing a second wirelessly trackable mazfcer^ wherein the 
first wirelessly trackable marker and ttie second wirelessly trackable marker are each 
20 hermetically sealed. 

73. The prosthetic joint as claimed in claim 72^ wherein the joint is a nni-condyle 
prosthetic knee, and whereia the Sist component is a femoral component having a femur 
engaging sur&ce and a bearing surface corresponding to a single condyle of the femur, 
25 and the second component is a tibial component having a tibia engagmg sur&ce and a 
bearing on an opposed side^^ wherein the bearing is configured to engage widi a single 
condyle bearing suc&ce only of the femoral con^nent as the prosthetic knee is 
articulated. 

30 74. The prosttietic joint as claimed 73» wherein the femoral component includes a 
location pin extending fiom the femur engaging surface, the location pin having a cavity 
therein in which the maricer is at least partially located. 
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75. The ptosthetic joint as claimed 74, wherein the femoral componeaat is configuted 
with at least a first sensor coil of the marker aligned with a lofngitudina] axis of the femur. 

76. The prosthetic joint as claimed in any of claims 72 to 75, ivfaerein ti^ tibial 

S conq)oneDt inchides alcee] or anidior part fi>r e^^Lg^gmg in the tibia in nse and wherein the 
mark^ is located at least paitially in the Iced or anchor part 

' 77. The jnoslfaetic joint as claimed 76, wherein the tibial component is configtued 
with at least a fiist sensor coil of the maiker aligned with an anfedor*-posteiior direction of 
10 the tibia. 

7$. The prosthetic joint as claimed in claun 72, wherein the joint is a hip joints the 
first component is an acetabular component and the second component is a femoral 
component 
15 . 

79. The prosthetic joint as claimed in claim 78« whwdn the first maiker comprises a 
housing defining a cavity and a madosr located within the cavity. 

80. The prostheti^ejoint as claimed in claim 79, wheixdn the acetabu^ 

20 has a wall and the acetabular madcer is located witiiin the waU of the acetabular 
component. 

81 . The prosthetic joint as claimed in claim SO, wh^etn the housing has a convex 
outer sur&ce and a concave inner sm&ce, the acetabular component has a convex cniter 

25 sur&ce and a concave inner sur&ce and wherein the outer sor&ce of the housing smoothly 
continues the outer surface of the acetabular component and the inner sur&ce of the 
housing smoothly continues the inner surface of the acetabular component 

82. The prosthetic joint as claimed in any of clabns 78 to 81 » wherein the fsmoial 
30 component defines a cavity and the second madcer is located at least partially in the cavity 

in the femoral component. 
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83. A kit of parts for use m a computer aided orthopaedic siHgical procedure^ 
cDmpiismg: 

a first percutaneously implantable marker for implanting in a first bone 
associated witk a joint to be r^laced; 
5 a second paccutaneousty implantable marker for implanting in a second bone 

associated with the joint to be replaced; and 

the prosthetic joint as claimed in any of claims 72 to 82. 

84. The kit as claimed in claim 83 and further comprising an instrument assembly for 
10 injecting the first and second markers tfarough the skin of the patient so as to implant the 

mar ker s in bones of the patients. 

85. A compute implemented method for carrying out an orthopaedic surgical 
procedure inctudiog implanting a £rst orthopaedic iroplant bearing a first marker 

15 magnetically wirelessly trackable by a tracking system and a second orthopaedic implant 
beariog a second maiker magneticaUy wirelessly trackable by the tracking s^tem in a 
boifyof a subject, and wheiein Ifae tracking system has a refcarence fiame» the method 
compnsmg; 

creating a surgical plan defining the inteiidcd implant^ 

20 and second orthopaedic hnplants; 

legisteEdng an image of a part of the body of the sobject with the position of the 
part of the body of Ifae subject in the reference frame of the tracking system whereby the 
surgical plan is regist^d with die tracking system; 

detemiining current positions of the first and second ortttqpaedic implants within 
25 the reference fimne of the tracking system; and 

displaying a first image representing the part of the body of the patient^ a second 
icnage representing the real tirne^ current position of the first orthopaedic implant and/or a 
third inaage representing the real time^ current position of the second orthopaedic implant 
and displaying an indication of the planned positions of the first and second orthopaedic 
3 0 implants relative to the body part derived from die surgical plan. 
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86. A method for cairyiog oat an oitfappaedic computer aided surg/sry pioceduce on a 
boify of a subject in an operatine room, the method awaprismg: 

plamiing the intexided position of a first orthopaedic implant wirelessly 
magnetically tmckable by a tracloEig system having a reference fiame; 
5 i^gistering a part ofttaebo^yofthe subjecting 

using an image guided aurg^ syst^ to detemine an implantation position of 
the first oithcpaedjc uiq»Iaiit in Ihe part of the bod>^ and 

implantingilfae orthopaedic unplant at the implantation position. 

1 0 87. The method as claimed in claun 86,, and Anther comprismg peicutaneously 
implanting at least a first sensor wiielessly magnetically trackable by the imcking system 
in a bone of the part of the body. 

SS. The method as claimed in claim 87^ whencdui the fivst sensor is implanted prior to 
15 locating Ifae body in the operating room. 

89. The method as claimed m claim 87^ whsem the first sensor is implanted with the 
body in the opeiadng room. 

20 90. Ibe meihod as claimed in claun 89, and wherein the first sensor is implanted 
prior to planning the intended position of flie first orthopaedic implant. 

9 1 . The method as clauned in any of claims 86 to 90, and wherein registedng a part 
• of the body occurs before planning the intended position of the first orthopaedic ixt^Lant. 

92. The method as claimed in any of clauns 86 to 9 1 and further con^risingr 
taking first and second x^ray, or x-my fluoroscopic, images of the part in the 

operating room fiom different dircctians; and 

planning the intended position of the first orthopaedic implant using a 3d model 
30 of tiiie body part derived fiom the first and second images. 



0097253 10' Mar- 04 05:26 



10/03 2004 18:26 FAX 



DDL LEEDS 



UK PATENT 0E7FICE @ 054/055 



103 

93. The mefliod as claimed in claim 92, wherein the first and second x-ray, or xnray 
fhioroscopic, images of the part are taken without moving the patient in the operating 

TQOm. 

5 94. The method as claimed in any of claims 86 to 93 and fiirfh^ comprising visually 
assessing the perfaraiance of the implanted Srst orthopaedic implant in the operating 
room by viewing a ital time representation of the position of the implant and/or the part 
of the bo«fy immediately aftex implantation and before closing the sutgical wound. 

The method as claimed in any of claims 86 to 94 and further comprising 
ineausly removing a maiker wiielessly magaedcally tracJcable by the tracking 
. firom within abone of the body part* 



10 95. 

pcorcu 

systea 
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Abstract 




QrtliopaBdic Operating Systems^ Metirods^ Implants and Instnimeiits 



5 Qrdiopaedic operating systems^ op«atiiig rooms, computer aided surgical methods, 
trackable implants^ instniments and surgtcal plarniing aad IGS software applications are 
described. The integrated surgical system is for use in an orthofpaedic opeiating itMxm to 
enable a suigeon to cany out a coinputer aided suigigal porocediure on a subject A subject 
support, wireless magnetic tracking syscran, registration system^ at: least a first display 

10 device, a cont3X>l ^t^ and a surgeon inter&ce operable by the surgeon to control 
operation of the plurality of parts of the integrated surgical system are provided. The 
method comprises detefniining the position of at least a first marker being wirelessly 
ttacked by a wireless magnetic tracking systMti, registering the position of the body part of 
the subject wilh an image of the body part of the sid>|ec^ displaying: a registexed image of 

IS the body part of the subject and at least an unage representative of an implant; and 
receiving a command finm a surgeon intrar&ce opemble by the surgeon* 
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